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The Kura-Araxes (KA) cultural tradition (ca. 3500–2200 BC) of highland Southwest Asia was
one of the most long-lived and geographically expansive horizons in Near Eastern prehistory.
The social and economic composition of KA communities, the causes and processes involved in
their abrupt appearance in the South Caucasus, and their subsequent expansion across the Near
East are not well understood. As the central economic adaptation in the KA tradition and those of
the Chalcolithic that preceded it (ca. 5000–3500 BC), pastoralism played a crucial role in
shaping these dynamics. Decisions concerning herd management have a significant impact on
the overall mobility and economic production of pastoral communities and the dynamics of the
larger region. This topic has remained largely unexplored because existing archaeological
indicators of pastoralism have been limited in their ability to detect variability in the organization
of pastoralism.
This dissertation integrates direct evidence for pastoralism from zooarchaeological
assemblages with a site-based approach to document Chalcolithic and KA pastoral practices and
the incorporation of animals into social and economic activities unrelated to subsistence. I use
this framework to study socioeconomic strategies at the Chalcolithic occupation of Areni-1 in
Armenia and the KA site of Köhne Shahar in Iran. The study of Areni-1 examined the role of
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animals both in subsistence practices and funerary rites. At Köhne Shahar I used the
zooarchaeological assemblage to study craft production, the scale of production specialization
and the organization of labor. I then synthesized a database of 33 assemblages to explore spatial
and temporal variability in Chalcolithic and KA pastoral adaptations in the South Caucasus and
across the Near East. Both the site-base studies and the larger synthesis revealed that
Chalcolithic and KA pastoral strategies were aimed at maintaining herd security through a
generalized exploitation strategy focusing on sheep, goat, and cattle products. Uniformity in this
economic adaptation was interrupted by two critical periods of economic realignment: first
during the Chalcolithic-KA transition in the mid-fourth millennium in the South Caucasus,
possibly in response to increasing aridity; and second in the third millennium BC, as the KA
tradition expanded into other regions.
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Chapter 1 – Introduction

1.1 Overview
This dissertation uses zooarchaeological data to explore variability in animal exploitation
and pastoral strategies to address fundamental questions about the role of animal management in
the emergence, formation and ultimately, the spread of the Kura-Araxes (KA) cultural tradition
of the Early Bronze Age (EBA). The KA tradition first appeared in the mid-fourth millennium
BC across the highlands of the South Caucasus following an end to the preceding Chalcolithic
occupations (Sagona, 2014; Rothman, 2017). In the early third millennium BC, KA sites and
occupations spread out across the highlands of western Iran, Anatolia, and the Levant, making
this tradition one of the most expansive cultural horizons in the prehistory of Southwest Asia
(Figure 1.1) (Rubinson and Smith, 2003; Kohl, 2007; Sagona, 2014; Rothman, 2017). Although
the material culture of the KA tradition—distinct ceramics, hearths, and portable andirons—is
easily identifiable, fundamental questions remain about the social and economic structure of its
communities as well as the causes and mechanisms of its appearance and dispersal (Palumbi and
Chataigner, 2014; Sagona, 2014). Scholars agree that herding domestic animals was central to
KA economies. Indeed, during the EBA in the South Caucasus, sheep, goat, and cattle, may have
even replaced cultivars as primary sources of dietary proteins and fats (Hovsepyan, 2015).
Pastoralism, and agricultural economies more broadly, are often cited as important agents of
cultural change in Southwest Asia (Chataigner, 1995; Kohl, 2007; Frangipane, and Palumbi,
2007; Marro, 2010; Sagona, 2014; Rothman, 2017). Pastoralism takes on many forms,

1

Figure 1.1. Maximum distribution of the Kura-Araxes cultural tradition and the location of some
of the major Chalcolithic and Early Bronze Age sites. 1. Velikent, 2. Kvatskhelebi, 3. Natsagora,
4. Bavra Ablari, 5. Mentesh Tepe, 6. Gegharot, 7. Shengavit, 8. Aknashen-Khaturnakh, 9.
Mokhra Blur, 10. Areni-1, 11. Ovçular Tepesi, 12. Köhne Shahar, 13. Sos Höyük, 14. Haftavan
Tepe, 15. Godin Tepe, 16. Korucutepe, 17. Tülintepe, 18. Arslantepe, 19. Tel Bet Yerah.

2

depending on patterns of herd mobility and production goals, including nomadism,
transhumance, sedentary pastoralism, and various mixed strategies of sedentary pastoralism and
short-term herd mobility (Spooner, 1971; Redding, 1984; Cribb, 1991; Mace, 1993; Borgerhoff
and Sellen, 1994; Kuznar, 2001; Johnson, 2002; Rao and Casimir, 2003). These forms cannot be
easily detected in the archaeological record in the highlands of Southwest Asia. The most
common archaeological indicators of pastoral practices in these highlands—e.g. settlement
patterns, pottery distribution, site size—emphasize high human mobility. Herd mobility,
however, can be incorporated in many forms of pastoralism and therefore emphasizing mobility
serves to mask rather than elucidate variability in pastoral strategies. These indicators also
provide little insight into the production goals of pastoralists; whether herders raised and
exploited animals for their own immediate subsistence needs, or produced surplus amounts of
specific products for trade and exchange (Crabtree, 1990; Zeder, 1991, 2003; deFrance, 2009).
The ambiguity that is inherent in predominant archaeological methods for reconstructing pastoral
strategies has limited understanding of pastoralist roles in the formation and evolution of the KA
tradition.
The focus on these same archaeological indicators also highlights the absence of
monumental architecture and palace economies typical of some Mesopotamian cities and states.
Instead, they have led to the characterization of KA sites as egalitarian communities that lacked
social complexity, and whose economic activities were dominated by subsistence farming and
herding (Smith, 2005; Kohl, 2007). Flannery (1972) defines social complexity in terms of
segregation—degree of internal differentiation and specialization of various subsystems in a
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society—and centralization—degree of connectivity between subsystems and hierarchies of
control. Although not all states developed similar types and degrees of hierarchical structure, the
rise of Mesopotamian states are often tied to the process of increasing segregation and
centralization, culminating in unprecedented levels of specialization in economic activities, the
emergence of a religious and political class, social stratification, and the top-down control of
means of production and trade (e.g. Wright 1977; Algaze, 2001).
However, the archaeological correlates of social complexity commonly used for statelevel societies are not suitable for studying middle-range societies like those within the KA
tradition (Wattenmaker, 1998; Hirth, 2009). On the one hand, middle-range societies are similar
to states in having delayed-return economies. Delayed-return economies are characterized by an
extended period of investment in labor and economic activities that is necessary for their
maturation into viable and consumable goods and products (Woodburn, 1982; Rousseau, 2006).
Farming and animal husbandry are important examples of delayed-return subsistence practices,
because both involve lengthy delays from the time that cultivation and herding decision are made
to when the fields and animal products can be viably harvested (Tucker, 2006). This is in direct
contrast to the immediate-return economies of hunter-gatherers, where the labor input into
foraging is immediately rewarded by the consumption of wild plants and hunted game. Delayedreturn economies require the establishment of decision-making apparatuses and structures that
can manage and coordinate labor and control economic assets until labor input matures into a
viable yield. Unlike states, however, middle-range societies lack internal specialization in
decision-making, but at the same time display more complexity than the immediate-return
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economies of hunter-gatherer communities (Rousseau, 2006: 20). In other words, middle-range
societies display higher orders of segregation than foraging societies, but lack the specialization
and centralization of states.
Evidence for social complexity among middle-range communities must therefore be
studied by comparing them with other middle-range communities; a task that is facilitated by
studies of the spectrum and typologies of social complexity specific to these pre- and non-state
societies. Frangipane (2007) defines two levels of complexity for middle-range societies like the
KA: horizontal egalitarian systems and vertical egalitarian systems. In horizontal egalitarian
systems community members have equal status, contribute equally to decision-making, and have
equal access to resources. In contrast, while vertical systems maintain an overall egalitarian
framework, they legitimize privileged status for individuals who manage and coordinate projects
that require significant time and labor investment (Frangipane, 2007; Rothman, in press). In
vertical systems, the need for greater control is warranted by increased differentiation in social
roles and economic activities (i.e. segregation) beyond quotidian household-based subsistence
farming and herding (Rothman, in press).
These methodological and theoretical challenges suggest that the aforementioned
archaeological indicators are important but insufficient for the holistic study of pastoral
economies and their impact on social evolution. These thus must be accompanied by the study of
zooarchaeological assemblages which provide the most direct baseline for reconstructing various
forms of pastoral practices (Crabtree, 1990; Zeder, 1991, 2003). This dissertation uses
zooarchaeology and taphonomic analyses in addition to existing datasets to: 1) document
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variability in Chalcolithic and KA pastoral strategies and determine how they shaped and
reflected the social and environmental variables associated with the appearance and dispersal of
the KA tradition; and 2) explore the role of animal products in non-subsistence-related activities,
primarily craft production, to document social complexity in the KA tradition.
I rely on economic theory as it has been applied to the study of human-animal
interactions in the past (e.g. Redding, 1981, 1984) to explore the social and environmental
factors that shape variability in pastoral strategies. This variability is generated by the decisions
that herders make regarding mobility and economic production. These decisions are reflected in
herd structure, the types of animal products exploited, and food provisioning mechanism; three
measures with testable zooarchaeological correlates (Crabtree, 1990; Zeder, 1991; deFrance,
2009; Atici et al., 2014). The comparative application of this framework to a small database of
available Chalcolithic assemblages from the South Caucasus and a larger database of KA
assemblages from across Southwest Asia allows monitoring of critical spatial and temporal
patterns in pastoral strategies that correlate with two transformative periods: the Chalcolithic–
KA transition in the mid fourth millennium BC in the South Caucasus, and the KA expansion
and the establishment of new communities outside the South Caucasus in the early third
millennium BC.
I explore the nature of social complexity in the KA tradition by investigating the role of
craft production and the organization of labor in KA economies. Craft production was a key
economic activity in many KA communities. These communities exploited and worked the rich
mineral and metal resources of the highlands, including salt, gold, and copper (Areshian, 2007;
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Stöller, 2014; Hamon, 2016). There is little consensus as to the level of production specialization
in KA craft economies, which may have ranged from household-level production (e.g.
Wilkinson, 2014) to manufacturing by specialist artisans (e.g. Areshian, 2007; Stöller, 2014).
Wilkinson (2014) argues that despite being aware of the symbolically-charged value of these
highland sources, KA communities maintained their household-based and kin-based egalitarian
social structure. Others have argued that access to these resources resulted in “profound social
and economic upheavals” (Hamon, 2016: 526) in the KA tradition in the South Caucasus,
because, as Areshian has argued, they were “principle means of wealth accumulation” (2007: 33)
in a system akin to the political economies of state-level societies.
To appreciate the position and impact of craft production in shaping the social structure
of KA communities, we must first reconstruct the spatial organization of production and the
organization of labor (Costin, 2005). I approach this task from a zooarchaeological perspective.
Animal bones, especially the long bones of ungulates and deer antler (Choyke, 1997; Jin and
Shipman, 2010), are commonly shaped into tools and used in the manufacture of other materials.
Under the right preservational conditions, bone tools and raw materials are commonly retrieved
from craft production contexts. Bone is an abundant and easy to access raw material that is
subject to less recycling than more precious material like metals (Choyke, 1997). Scholarship on
the role of animals in KA economies has primarily focused on the economic and subsistence role
of animals (Chataigner, 1995; Frangipane, and Palumbi, 2007; Hovsepyan, 2015; Piro and
Crabtree, 2017; Samei, 2017), and has overlooked the systematic study of animal exploitation in
other contexts. Nevertheless, the faunal remains from craft production contexts provide critical
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insight into the organization of household labor and economic activities (Costin, 1991; deFrance,
2009). Addressing variability in pastoral strategies and the organization of craft production
requires a bottom-up site-based process, in which the various post-depositional (taphonomic) and
cultural pathways that contribute to the formation of individual faunal assemblages can be
considered before anthropologically significant patterns are examined (Schiffer, 1983; Lyman,
1994; Bar-Oz and Munro, 2004). To demonstrate the significance of this site-based process, I
first examine faunal assemblages from the Chalcolithic occupation of Areni-1 Cave (4300–3400
cal. BC) in southern Armenia, and the KA site of Köhne Shahar (ca. 3200–2500 BC) in
northwestern Iran (Figure 1.2). Excavations at Areni-1 Cave have uncovered extensive evidence
for funerary rites and domestic activities (Wilkinson et al., 2012), but interpretations of
Chalcolithic habitation of the site are made complicated by extensive intermixing between three
Chalcolithic occupations and deep intrusions from two overlying Medieval occupations
(Wilkinson et al., 2012). In the site-based study at Areni-1 I first account for post-depositional
mixing of the bone accumulation before examining animal use and exploitation in funerary and
domestic contexts. My studies at Köhne Shahar identified two cultural pathways to bone
accumulation: animal husbandry and craft production. My subsequent zooarchaeological
investigation of craft production activities at Köhne Shahar explores the significance of these
activities to our evolving view of social complexity in the KA tradition. After accounting for
these various post-depositional and cultural variables, I incorporate some of my observations
from these sites into the comparative study mentioned above.
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1.2 Archaeological Indicators of Pastoralism
Animal pastoralism as a subsistence adaptation, and in conjunction with agriculture,
helped shape the post-Neolithic periods of Eurasia, including the emergence and evolution of the
earliest cities and states, elaborate food rationing systems, unprecedented scales of labor
specialization, long-distance exchange networks, mounted nomadism, and patterns of human
migration (Linder, 1981; Köhler-Rollefson, 1988; Levy, 1992; Meadow, 1992; Anthony, 1990;
Bulliet, 1990; Harris, 1996; di Cosmo, 2002; Gifford-Gonzalez, 2005; Alizadeh, 2010; Fuller et
al., 2011; Arbuckle, 2012; Frachetti, 2012). How pastoralism shaped and was in turn shaped by
the prehistoric cultural dynamics depended on the specific pastoral strategies and goals. The
ethnographic record in Southwest Asia demonstrates the diversity of pastoral strategies ranging
from year-round village-based sedentary practice of subsistence farming and herding, to an array
of mixed sedentary-mobile strategies that includes seasonal movement or transhumance, to fullscale nomadic movement of a community and their animals (e.g. Barth, 1956, 1961; Sunderland,
1968; Irons, 1972; Watson, 1979; Dyson-Hudson and Dyson-Hudson, 1980; Khazanov, 1984;
Beck, 1986; Rao and Casimir, 2003). This variability is not easily detectable in the
archaeological record.
Because of the relatively uneven preservation, recovery, and visibility of archaeological
remains directly associated with pastoralism, compared to material remains left by farming
settlements and political establishments, archaeologists have traditionally relied on a number of
archaeological indicators to infer pastoral activities in the highland zones of Southwest Asia.
They include the presence of contemporaneous sites in diverse ecological and topographic
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settings, ephemeral cultural deposits, the small size of sites, lack of internal social and economic
differentiation, paucity of substantial architectural remains, and wide-scale distribution of
specific artifact types (Chang and Koster, 1986; Simms, 1988; Finkelstein and Perevolotsky,
1990; Cribb, 1991; Rosen, 1992; Mashkour and Abdi, 2002; Abdi, 2003; Alizadeh, 2010).
Together, they suggest a lack of long-term residential investment, light human footprint, high
mobility, temporary habitation, and occupation of seasonally inhospitable areas.
These inferences apply to a wide range of different pastoral strategies characterized by
unique modes of mobility, yet they are often used to render broad or potentially inaccurate
characterizations of pastoralism in the past. These indicators have supported arguments for
“nomadism” which denotes specific pastoral strategies with specific modes of mobility. While
these indicators may signal nomadic pastoralism, herd mobility can be incorporated into an array
of non-nomadic strategies, including those prevalent in largely sedentary communities. This is
best exemplified by instances of transhumance (Salzman, 1971), “distant pastures husbandry”
(Khazanov, 1984) and “distant village-based herding” (Barth, 1973; Abdi, 2003); all representing
economic systems in which a subset of a people from a sedentary farming settlement engage in
part-time migration with a subset of the community’s herd animals without adopting the
transhumant lifestyle of pastoralists, such as the Bakhtiari, Basseri, or Qashqa’i people (Barth,
1961; Digard, 1981; Beck, 1986, 1991). When the aforementioned archaeological indicators of
pastoral mobility are applied to sedentary agricultural villages pastoral strategies tend to get
lumped into the broad category of “agropastoralism,” that is an overly broad label that subsumes
divergent pastoral strategies.
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Settlement patterns, pottery distributions, and the site size and layout also provide little
to no information about production goals and herd management strategies: i.e. the type of
animals herded, the animal products exploited, and the targeted consumer of those animal
products. Whether pastoralists produce small amounts of both secondary products (milk, wool,
hair, blood, dung) and meat for their own immediate consumption and small-scale inter-kin
exchange, or they specialize in the production of specific animal products like textiles, meat, or
dairy for exchange and trade with other pastoral and urban communities, influences how they
shape larger scale cultural dynamics, and are thus critical to the investigation of prehistoric
pastoralism (Crabtree, 1990; Zeder, 1991; deFrance, 2009).
The aforementioned archaeological indicators, thus have limited potential for the accurate
detection of pastoral diversity in the archaeological record, and its broader anthropological
implications across space and time. This visibility of variability in pastoral strategies is further
clouded by the impact of various cultural and post-depositional site formation processes
(Schiffer, 1983; Lyman, 1994; Halstead, 1998; Greenfield, 2010), meaning that different pastoral
strategies and site formation histories often lead to similar archaeological signatures.
I argue that these archaeological lines of evidence—settlement patterns, and patterns in
ceramic distribution and site structure—can best be described as indirect proxies of pastoralism
that must be supplemented with the study of faunal remains: the most direct types of
archaeological remains associated with pastoral activities. Without the systematic incorporation
of zooarchaeological data, heavy reliance on these indirect proxies has failed to break through
existing ambiguities about the role pastoralism in the emergence and evolution of the KA
tradition of the South Caucasus.
11

1.3 Regional and Cultural Context
The South Caucasus spans present-day Armenia, Azerbaijan, Georgia, northwestern Iran,
and eastern Turkey (Figure 1.2). This region is delineated by the Black Sea to the west, the
Caspian Sea to the east, and the Greater Caucasus mountains to the north. The mountainous
terrain of the South Caucasus has created a range of ecosystems, including the humid subtropical
forests of western Georgia; the arid steppes of southeastern Azerbaijan; the coastal plain of the
Caspian Sea; various upland plateaus, and difficult to access, rugged areas in the alpine
elevations; and high sided valley bottoms at the lower elevations like Ararat. The South
Caucasus also features an extensive river system that consists of a multitude of seasonal streams
and the more permanent tributaries of the Kura and Araxes rivers (Kiguradze and Sagona, 2003;
Rubinson and Smith, 2003).
In the South Caucasus pastoralism is identified in the archaeological record based on
several of the indirect proxies mentioned earlier: a) a surge in the number of residential and camp
sites and the diversification of settlement patterns from the densely clustered Neolithic
occupations in river valleys, b) the small size of most sites, usually ≤ 5 ha, c) the paucity of
substantial structures and evidence for socioeconomic differentiation, and d) the distribution of
specific ceramic horizons across a vast terrain (Chataigner, 1995; Edens, 1995; Kushnareva,
1997; Kiguradze, 2001; Kiguradze and Sagona, 2003; Smith, 2005: 258; Areshian, 2007; Kohl,
2007: 91, 113). As the two key subsistence innovations of the Neolithic transition, pastoralism
and farming and their interactions played a major role in the post-Neolithic social and economic
dynamics in this region. Thus, documentation of the range of pastoral strategies that shaped and
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reflected the social and environmental factors informing these greater regional dynamics,
including the emergence and expansion of the KA tradition is needed.

Figure 1.2: Map of the South Caucasus and the location of some of its major Chalcolithic and
Early Bronze Age sites, including Areni-1 (star) and Köhne Shahar (triangle). 1. Velikent, 2.
Kvatskhelebi, 3. Berikldeebi, 4. Natsagora, 5. Bavra Ablar, 6. Gegharot, 7. Sioni, 8. Baba
Dervish, 9. Mentesh Tepe, 10. Leila Tepe, 11. Alikemek Tepesi, 12. Köhné Pasgah Tepepsi, 13.
Godedzor, 14. Kültepe 1 & 2-Nakhchevan, 15. Kül Tepe-Jolfa, 16. Ovçular Tepesi, 17. Haftavan
Tepe, 18. Aknashen-Khaturnakh, 19. Aratashen, 20. Shengavit, 21. Mokhra Blur, 22. Sos Höyük.
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The KA tradition of the Early Bronze Age (EBA) is identified by a corpus of material remains,
including handmade black or black and red burnished pottery, characteristic lug handles, simple
arsenical copper or bronze tools and ornaments, and fixed hearths and portable andirons (Sagona,
1984; Kushnareva, 1997; Palumbi, 2003; Batiuk and Rothman, 2007; Courcier, 2007; Rothman,
2017). The earliest KA sites appeared across the South Caucasus in the mid-fourth millennium
BC. This region is often referred to as the KA “homeland” (Kohl, 2007: 70; Rothman, 2014).
Animal management is often implicated as a critical element in the emergence of KA
communities (Kushnareva, 1997; Kohl, 2007) following the Chalcolithic period.
The Chalcolithic period (ca. 5000–3500 BC) in the South Caucasus is defined by two
ceramic horizons. The Sioni Ware horizon is a largely local development that arises in western
Georgia, while the Chaff Faced Ware (CFW) horizon is interpreted as an intrusive horizon from
northern Mesopotamian (Marro, 2010, 2012; Sagona, 2014). Regional variation in CFW pottery,
hybridization between the two horizons, and the occasional presence of both horizons in the
same archaeological strata hint at the complexity of the South Caucasus cultural mosaic (Sagona,
2014). Chalcolithic and KA sites occupy a similar range of ecosystems, particularly the foothills
and mountainous environments surrounding alluvial river valleys and lowland floodplains. These
environments provided an ideal niche for animal husbandry, but were marginal for cereal
production (Spooner, 1971). Despite this environmental continuity, the KA horizon is a clear
break from the preceding Chalcolithic. Most KA occupations are found either in new sites that
lack Chalcolithic occupations, or overlay Chalcolithic deposits following a stratigraphic hiatus
(Kiguradze and Sagona, 2003; Kohl, 2007). The large geographic distribution and consistency in
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the manufacture and form of the early KA ceramics marked the beginning of a distinctive
cultural tradition that, according to Sagona (2014), emerged out of the cultural mosaic and
dynamics of the Chalcolithic period. The causes and the process of such a shift are still not clear
(Sagona, 2014: 42). Many explanations include evidence for climate change and/or the build-up
of demographic pressure. For example, some have argued that KA communities first originated
in the alluvial plains, but were ultimately pushed into the mountains by demographic pressures,
while others have argued for a reverse mountain-to-lowland movement (Sagona, 1984;
Kushnareva, 1997: 49; Kohl, 2007: 88). Paleoenvironmental analyses have also shown that the
first KA horizon in the archaeological record coincides with a climatic optimum, characterized
by increased precipitation and temperatures (Connor and Sagona, 2003). This may have resulted
in seasonal flooding in the lowlands where high summer temperatures heightened the potential
for drought. The diversification of subsistence practices, including animal husbandry and
seasonal habitation of higher elevation grazing pastures may have emerged in response to these
climatic conditions (Connor and Sagona, 2003). Given the similarity of settlement patterns and
the light archaeological footprint in the highlands in both the Chalcolithic and the KA, it has not
been possible to demonstrate how these demographic and environmental factors influenced
human adaptations in the KA horizon. The archaeological record seems especially limited when
we compare it to the high-resolution data available to ethnographers. For example, Barth (1956)
describes the coexistence of nomadic (Gujars) and transhumant (Kohistanis) communities in the
Swat Valley of Pakistan. The two groups occupied the same niche for part of the year and
followed a similar settlement strategy, but practiced different forms of pastoralism. In the
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absence of such ethnographic accounts, ambiguities about the origins of the KA tradition cannot
be clarified without a better understanding of the dominant pastoral strategies of the Chalcolithic
period and the earliest KA communities in the South Caucasus. Zooarchaeological studies in
other regions and time periods have conclusively demonstrated that human subsistence
adaptations are sensitive indicators of climatic and demographic shifts (e.g. Broughton, 1994;
Stiner et al., 1999; Munro, 2004; Munro et al., 2016), and such shifts should be reflected in
potentially divergent pastoral strategies between the Chalcolithic and the EBA.
Once a better appreciation for the pastoral dynamics of the KA homeland is achieved,
attention can be turned to the KA “diaspora.” In the early third millennium BC, KA material
culture spread from the homeland north into the southern edges of the Eurasian Steppe, southeast
into the central Zagros mountains and the Caspian coast, and westward across Anatolia and
eventually into the Levant (Figure 1.1), where KA ceramics are known as Khirbet Kerak Ware
(KKW) (Kohl, 2009; Rothman, 2015, 2017; Greenberg, 2017). Causal explanations for this
expansion range from exchange, to a search for new pastures and arable land, to the pull of labor
and economic opportunities (Palumbi, 2003; Kohl, 2006; 2009; Batiuk, 2013; Wilkinson, 2014;
Rothman, 2017). Using settlement data and ceramic styles, most models for the expansion
advocate for population mobility and migration by nomadic or transhumant pastoralists (Cribb,
1991: 221; Kohl, 1992; Rothman, 2003a, 2003b, 2005). But as I discussed earlier, mobility is
only one of many factors informing pastoral strategies. Another key factor is economic
production, or herd management. It is often difficult to identify specific causes of migration and
human mobility in the archaeological record, because they are caused by the interplay of
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complex factors that are not recorded in the archaeological record. Anthony (1990) argues that to
overcome this challenge, we must shift our focus from the causes of prehistoric migration to the
structural conditions that favor specific types of migration, specifically push factors at the point
of origin and pull factors in the destination. While I do not claim that zooarchaeology alone can
recreate the conditions that shaped KA migrations, it can shed light on the push and pull factors
that informed the KA expansion, because pastoralism was a key component of the expansion out
of the homeland.
Despite important preservational and recovery issues (c.f. Kiguradze and Sagona, 2003;
Balasescu et al., 2010), existing zooarchaeological studies. point to the potentially complex
pastoral landscape of the KA tradition in the South Caucasus and beyond. For example, very
high percentages of sheep from mountainous sites like Elar in the South Caucasus
(Piotrovsky,1964) may represent a highly mobile and specialized form of pastoralism, while
other studies point to a strong sedentary and extensive form of village-based pastoral practices at
a number of sites in the homeland, including Gegharot (Monahan, 2007), Mokhra Blur (Piro,
2009; Piro and Crabtree, 2017), Sos Höyük (Howell-Meurs, 2001a, 2001b; Piro, 2009), and
possibly Shengavit (Piro and Crabtree, in press). This conclusion is primarily based on one or a
combination of faunal indicators, including relatively high proportion of cattle remains, the
presence of various caprine age groups, and herd security mortality profiles. On the other hand,
in the diaspora, high proportions of caprine remains, caprine mortality profiles, and other nonfaunal indicators point to a combination of year-round sedentism and seasonal mobility by some
members of the community in Phase IV at Godin Tepe in west-central Iran (Piro, 2009) and

17

intensive production and centrally-managed distribution of meat and wool in Phase VIB of
Arslantepe in eastern Anatolia (Bartosiewicz, 1998: 221-232; Frangipane and Siracusano, 1998:
242).
These examples illustrate how a synthesis and meta-analysis of the specific economic
goals and herd management strategies of individual KA communities across the South Caucasus
and Southwest Asia can contribute to the following questions: How did KA pastoralists adapt to
different environmental settings or respond to different economic pulls across the diaspora?
What do similarities and differences in herd management strategies across the diaspora and
between the diaspora and the homeland denote about the interplay between push factors in the
homeland and the pulls of the diaspora? Answering these questions requires access to a
theoretical framework that can reliably detect variability in pastoral strategies.

1.4 Variability in the Organization of Animal Pastoralism
Pastoralism refers to a diverse set of delayed-return economies aimed at the appropriation
and exploitation of animals (Tapper, 1979:1). These economies can take on many forms.
Diversity in the organization of pastoralism is generated by socioeconomic decisions made by
herders along the key continuous axes of mobility and economic production (Johnson, 1969;
Spooner, 1973; Dyson-Hudson, 1980; Cribb, 1991; Rao and Casimir, 2003; Bernbeck, 2008).
Where various pastoral strategies fall along these axes (Figure 1.3) reflect the social, political,
and environmental constraints and opportunities within which pastoralists balance costs and
benefits to maximize production returns and/or minimize risks to herds (Redding, 1981, 1984;
Mace, 1993; Kuznar, 2001).
18

1.4.1 Economic Production
As food producers, herders aim to optimize production by maximizing output or reducing
risks (Dyson-Hudson and Dyson-Hudson, 1980). These two strategies mark two ends of a
continuum of economic production. Risk reduction strategies are best accomplished by
diversifying risk through extensive management of small herds of mixed species, with different
and complementary physiological and behavioral traits, including sheep, goat, cattle, and pig.
Risk reduction is a common herd management strategy in subsistence economies, where
environmental uncertainty, particularly unpredictability in water and pasture availability, pose
serious challenges to herd and human survival. The resilience of this strategy is manifest in the
diversity of cultural settings in which it appears in the ethnographic accounts, from the mobile
Karimojong cattle herders of Uganda (Dyson-Hudson and Dyson-Hudson, 1969), to the
transhumant communities and permanent villages of modern Near East and Southeast Asia
(Barth, 1956; Sunderland, 1968; Kramer, 1979; Watson, 1979; Rao and Casimir, 2003).
Diversification is also reflected in the wide array of animal products exploited, in
particular secondary products such as milk, wool, hair, labor, dung, and blood (Dyson-Hudson
and Dyson-Hudson, 1969; Redding, 1981, 1984; Miller and Marston, 2012; Smith et al., 2015)
Among subsistence-based societies largely dependent on animals with high fertility rates and
short generation lengths, such as sheep and goat, some meat can be accessed through systematic
slaughter of the majority of male individuals within the first three years of life. This also keeps
herd sizes in check and prioritizes water and feed access for select breeding males, nursing lambs
and kids, and the female core of the herd (Payne, 1973; Redding, 1981, 1984). In contrast, in
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societies such as the Karimojong that rely primarily on slower-reproducing animals like cattle,
meat is only provided when cattle die naturally or when they are slaughtered on special religious
occasions (Dyson-Hudson and Dyson-Hudson, 1969). Animal products in these subsistence
economies are complemented by small-scale farming of environmentally-appropriate crops—for
example sorghum in East and Sub-Saharan Africa; barley and wheat in the Near East; and wheat
and rice among the Kohistani—occasional hunting, and the collection of fruits, berries, and
tubers (Barth, 1956; Dyson-Hudson and Dyson-Hudson, 1969; Irons, 1972; Kramer, 1979).
At the opposite end of the economic production spectrum is output maximization, which
requires full-time investment in the maintenance and growth of herds and specialization in the
exploitation of animals as a means of surplus production for consumption and exchange (Barth,
1973; Lees and Bates, 1974; Beck, 1991; Crabtree, 1996; Halstead, 1996). As is discussed
below, specialized pastoralism occurs primarily in nomadic groups (Chang and Koster, 1986).
Pastoral nomads may keep a few different species of animals as insurance, but specialized
management is limited exclusively to specific species, notably sheep and goat (Swidler, 1983).
Surplus production is primarily focused on nonperishable products. Woolen textiles, for
example, are among the most prominent craft goods produced for urban markets by nomadic
pastoralists across Southwest Asia, including the Gujars of Pakistan; Yomut of northeastern Iran
and Turkmenistan; and the Basseri, Qashqa’i, and Bakhtiari nomads of the Zagros Mountains
(Barth 1956, 1961; Irons, 1972; Lees and Bates, 1974; Digard, 1981). Specialized production,
however, is not limited to secondary products. Basseri, Qashqa’i, and the Shahsevan nomads of
northwestern Iran are also known to castrate some of their surplus male sheep and goat as
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yearlings and sell their meat and hide in urban and local markets in the vicinity of their winter
camps (Iron, 1972; Tapper, 1997).
Whereas the day-to-day care of animals among subsistence herders can be efficiently
conducted by one or two of the younger members of a household, the large herds of pastoral
specialists are often subdivided and managed by independent groups (Spooner, 1973) organized
by patrimonies and patrilineages (Barth, 1961; Beck, 1986; Tapper, 1997). Despite historical
accounts of “pure” nomads (e.g. Khazanov, 1984; McGreevy, 1989), modern specialized
pastoralists engage in limited cultivation, both to supplement their diets and to provide fodder for
animals (Barth, 1961; Salzman, 1972; Digard, 1981).

1.4.2 Mobility
Mobility is shaped by a multitude of environmental and social variables that determine
the availability of and access to pasture. The chief environmental factors are precipitation and
temperature (Spooner, 1971; Cribb, 1991). In Southwest Asia, precipitation and temperature
typically co-vary with the seasonal cycle--most precipitation occurs during cold winter months,
while summers are hot and dry. Thus, access to pastures requires seasonal movement. In
mountainous zones, the intensity of these seasonal cycles is moderated by elevation, providing
pastoralists with cool temperatures and fresh pastures in higher elevations during the summer,
and the hospitable environment of the river valleys and lowland floodplains in the winter. The
combination of seasonality and topography makes for a predictable pattern of annual migration
for pastoral nomads (Barth, 1961, 1966; Iron, 1972; Digard, 1981; Beck, 1986).
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Water and pasture availability are also key variables that influence the pastoral strategies
of non-nomadic pastoralists. Permanent villages are typically found near permanent water
sources (e.g. Iron, 1972). In permanent communities some animals are kept on site year-round,
while a subset of the population migrates with part of the herd in search of pastures. This
division typically relates to the adaptation of animals to different environments. For example,
among subsistence herders of the Zagros Mountains, seasonal cycles and the altitudinal gradient
encourages transhumant migration with herds of sheep and goats, that are better adapted to
navigating the rugged landscape than cattle (Dahl and Hjort, 1976; Upton, 1989). Cattle are
instead kept in the villages year-round. In the absence of other beasts of burden like donkeys and
mules, the cattle remaining in the villages were used as draft animals in agricultural fields; a
move that lead to farming intensification in Europe and Southwest Asia (Sherratt, 1983;
Greenfield, 2010).
A different pastoral strategy is practiced on the East African plateau. The topography of
this Plateau is considerably less variable than the Zagros Mountains, and sheep and goats are
kept in permanent villages, where they are tended by the women responsible for farming, while
men migrate with cattle in search of pastures (Dyson-Hudson and Dyson-Hudson, 1969). The
impact of landscape and environment on herd composition is also visible among pastoral
nomads. For example, cattle are less common among the Bakhtiari nomads, who typically
experience a 4000m change in altitude between their winter and summer pastures, than among
the Yomut nomads of northeastern Iran, who largely reside in the flatlands of Turkmen Sahra
(Iron, 1972; Digard, 1981).
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The frequency, duration, and extent of mobility is also determined by herd size relative to
environmental carrying capacity (Swidler, 1983; Postel, 1994; Wang and Hacker, 1997). In
general, sedentary pastoralists and subsistence herders have smaller herds than their nomadic
counterparts, because of the limited carrying capacity of local resources in a given locality. The
herd animals of these communities typically feed on pasture available within a one-day radius
(>15km) of the village, supplemented by fodder, and field stubble after the harvest. In the
absence of wheel technology, mobility is the most efficient means of providing feed for large
herds of nomadic pastoralists. Because of the large size of their herds, the average Basseri camp
moves close to 120 days each year (Barth, 1961) across 480 km of terrain (Irons, 1972). These
numbers are similar for other pastoral nomads in the Zagros Mountains (Digard, 1981; Beck,
1986).
Seasonality is not the only variable that conditions the mobility of pastoral nomads.
These people depend on exchange and markets for their surplus goods. When pastoralists are
sedentary, consumers and producers of animal products are primarily members of the same
communities (Halstead. 1992, 1996). As mobility increases, pastoralists become increasingly
separated from consumers, and must account for the distribution and availability of markets
(Lees and Bates, 1974). These markets also provide nomadic pastoralists with access to
temporary work opportunities (Barth, 1961; Beck, 1986), which provide critical supplemental
income for households that have lost a considerable portion of their herds to drought, disease, or
theft (Sunderland, 1968; Eriksen and Lind, 2009).
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Finally, mobility is also shaped by demographic pressure, competition, and a desire to
avoid conflict. Mobility is expected to increase with crop production intensity to avoid
scheduling conflict with farmers (Gilbert, 1983; Cribb, 1991). As sedentary populations increase
and farming intensifies more land is brought under cultivation, and shepherds will need to take
animals increasing distances from settlements to access pastures beyond the agricultural zone.
This reduces any risk that herds may pose to a successful harvest, and at the same time allows
herders to efficiently exploit “marginal” environments that are not suitable for farming. This
reduces competition with farmers and results in a symbiotic relationship (Spooner, 1971).
Avoiding conflicts with farmers, however, does not resolve issues that arise from
competition among pastoralists over access to pastures. This is particularly problematic for
nomadic pastoralists that traverse large swaths of land throughout the year in large numbers.
Subtribes of nomadic tribes and the various lineages that form each subtribe often adhere to
specific migration routes and lay claim to specific pasturelands to which access is determined by
tribal membership (Barth, 1961; Sunderland, 1968; Iron, 1972). Among patrilinear pastoral
nomads of the Zagros Mountains, for example, conflict is best avoided through exogamy,
marriage of cross-cousins, and gifting. Yet, the stability of this system is challenged by the fact
that tribal social organizations and tribal affiliations among nomadic pastoralists are fluid and
change in response to shifting environmental, economic, and political realities (Dyson-Hudson
and Dyson-Hudson, 1960; Spooner, 1971; Irons, 1972; Beck, 1991; Eriksen and Lind, 2009).
Despite the tremendous diversity that exists in the social and environmental factors that
inform pastoral organization, a positive relationship between mobility and economic production
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can be detected (Figure 1.3) (Spooner, 1973; Redding, 1984; Cribb, 1991; Rao and Casimir,
2003). This relationship results from the degree of production specialization depends upon low
cost access to pastures, and herd mobility is the most efficient means of procuring large
quantities of animal feed. This positive relationship forms the basis of my investigation into the
organization of pastoralism. The economic decisions that herders make, should be reflected in
the structure and management of herds, and the mechanisms through which animal products,
particularly meat, are distributed (Redding, 1981; Stein, 1987; Mace, 1993; Borgerhoff and
Sellen, 1994; Kuznar, 2001). Herd management strategies can be investigated using
zooarchaeological measures such as taxonomic diversity (richness and evenness), relative
taxonomic abundance, and the demographic (age and sex) structure of the culled population.
Meat distribution and provisioning mechanisms will be reflected in body part profiles and
butchery patterns (Zeder, 1991, 2003; Atici et al., 2014).

1.5 Research Questions
Applying this framework to zooarchaeological data from KA and Chalcolithic sites in the
South Caucasus and KA sites in the diaspora allows me to detect spatial and temporal patterns of
continuity and change in pastoral strategies with relevance to the emergence and expansion of
the KA tradition. This approach requires the synthesis of a large number of sites and assemblages
with varying taphonomic histories, site formation processes, recovery strategies, and contextual
resolutions. Combining such a diverse range of assemblages first requires a site-based approach,
that considers the impact of these variables in the recovery and preservation of individual faunal
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Figure 1.3. Two continuous key variables of pastoral organization: mobility and economic
production, or mode of subsistence (Abdi, 2003: Figure 1, who modified it after Cribb, 1991:
Figure 2.1). The shaded area shows a positive relationship between the two variables.
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assemblages. To demonstrate the significance of this initial step, I first investigate herd
management and food provisioning strategies at the KA settlement of Köhne Shahar (ca. 3200–
2500) in northwestern Iran and the Chalcolithic occupation of Areni-1 Cave (4300–3400 cal.
BC) in southern Armenia (Figure 1.2).
Areni-1 Cave provides a unique opportunity to study Chalcolithic adaptations in the
South Caucasus because of its outstanding preservation of organic material and faunal remains
(Pinhasi et al., 2010; Smith, 2014). The Chalcolithic faunal assemblage of Areni-1 is also one of
only two available assemblages that explicitly date to the later phase of the Chalcolithic period
(ca. 4000–3500 BC), which is the more pertinent Chalcolithic phase for examining the
socioeconomic dynamics leading up to the appearance of the KA tradition.
Köhne Shahar (KSH) is a unique 15-hectare KA settlement made up of a 250-square
meter citadel that is separated by a wall from a large and more sparsely-occupied outer town and
a cemetery (Alizadeh et al., 2015). The occupation inside the citadel is divided into two horizons;
the Lower Horizon (ca. 3200–2800 BC) and the Upper Horizon (ca. 2800–2500 BC) (Alizadeh et
al., 2015, 2018). Excavations in both horizons and across several areas of the Upper Horizon
inside the citadel allow me to investigate spatial and temporal patterns in herd management and
food provisioning strategies as well as other associated economic activities. In my investigation
of these two sites I specifically ask:

1. What is the predominant herd management and subsistence strategy?
2. What animal or animals were herded?
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3. Were these animals kept in equal proportions, or were some favored over others?
4. What animal product or products were exploited?
5. What role did hunting play in the subsistence economy?
6. How were the residents of each site economically provisioned?
7. Did individual households at each site produce and consume their own animal products
directly, or did they acquire the products through exchange with other households in the
same community or with communities in the area?
8. If the latter, did residents directly engage in exchange with those communities or was the
process mediated through a third-party distribution apparatus?

In both of these site-based studies, I also explore how animals were exploited for nonsubsistence related purposes. Areni-1 is known for its evidence of ritual practices which can be
clearly distinguished from domestic activities (Areshian et al., 2012; Wilkinson et al., 2012).
Here, I investigate how the incorporation of animals into ritual practices differs from their use
and exploitation in non-ritual and domestic areas of the site. At KSH, our excavations uncovered
several craft production workshops with abundant faunal evidence for craft production-related
activities within three neighborhoods of the citadel (Alizadeh et al., 2018). At KSH, I examine
the bone tool and zooarchaeological assemblage from these neighborhoods and associated
contextual information for evidence of craft production specialization, and consider whether
some households specialized in pastoralism, while others specialized in craft production.
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I then combine some of my observations from these two sites with a large dataset
consisting of 33 Chalcolithic and KA faunal assemblages from 19 sites (Figure 1.1) spanning the
South Caucasus and the greater Near East to explore broader spatial and temporal patterns in the
organization of animal economies. This synthesis, which is the most comprehensive
zooarchaeological study of the KA cultural tradition to date seeks to answer the following
questions:
1. Are there significant differences in the organization of Chalcolithic and KA animal
economies? How did Chalcolithic economic adaptations set the stage for the appearance
of the KA tradition?
2. Are there significant differences between KA animal economies in the homeland and the
diaspora? What role did pastoral adaptations play in the expansion of the KA horizon and
the creation of new KA communities in different regions of the diaspora?

1.6 Dissertation Outline and Summary
This dissertation is a compilation of four independent but interlinked manuscripts that
have been prepared as self-contained units for publication. The first three papers presented in
Chapters 2, 3, and 4 apply zooarchaeological analyses to specific archaeological sites. Chapter 2
examines the role of animals in the subsistence economy and ritual practices of the Chalcolithic
occupation of Areni-1 Cave. In this chapter I introduce the problem of mixing between
Chalcolithic and medieval contexts at Areni-1 and then lay out a multi-step procedure and
sampling strategy to identify the most secure Chalcolithic contexts. The results of my
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zooarchaeological analysis of the fauna from only the most secure contexts, indicates that the
residents practiced a mixed herding strategy and generalized animal exploitation likely aimed at
risk reduction. Sheep and goat are the most abundant domestic animals, while cattle and pig
played secondary and tertiary roles. Sheep and goat were exploited for meat, milk and wool,
while cattle were predominantly exploited for meat and milk. The results suggest that animals
were kept, slaughtered, and processed at the site. Finally, this chapter explores the role of wild
animals in the deeper part of the cave where burial practices and votive rituals took place.
Data from KSH are presented in Chapters 3 and 4. Chapter 3 follows a detailed analytical
approach that identifies the portion of the faunal assemblage most closely related to the craft
production activities in the last two phases of the site’s occupation (ca. 2800–2500 BC). The
distribution of deer antler, cattle horncore, and bone tools, exposed a horn-working area, and
several antler storage areas interspersed among several workshop units. The zooarchaeological
data are combined with other lines of archaeological evidence to reconstruct the spatial
organization of craft production activities at the site. This study confirms previous work at
Köhne Shahar that suggests that craft production at was practiced at the community level,
although the organization of labor and the degree of production specialization vary by workshop.
Chapter 4 explores herd management and food provisioning strategies at KSH. The
analysis of the domestic fauna demonstrates that the residents of Köhne Shahar engaged in a
herd security management strategy and generalized exploitation of small mixed herds of sheep,
goat, cattle and pig. Caprids and cattle were exploited for a variety of products. The data also
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suggest that producers and consumers of these products were members of the same households,
although direct exchange between households within the community cannot be ruled out.
Chapter 5 situates data from Areni-1 and KSH in a larger regional context through the
compilation of published faunal data from 33 assemblages from 19 Chalcolithic and KA sites.
The results of this synthesis demonstrate that animal economies centered largely on maintaining
herd security through the generalized exploitation of sheep, goat, and cattle products in both
periods. The data also reveal a critical period of economic realignment coinciding with a period
of increasing aridity during the Chalcolithic–KA transition in the mid-fourth millennium BC.
This synthesis also discusses several key patterns of continuity and change in KA pastoral
strategies in the homeland and the diaspora with relevance to the causes and modes of expansion
of the KA tradition.
Finally, Chapter 6 summarizes the salient results of these site-based studies and the
comparative synthesis. This chapter also discusses how these studies can serve as stepping stone
for future work on Chalcolithic and KA economic adaptations in the southern Caucasus and
neighboring regions.
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Chapter 2 – Economic and Symbolic Role of Animals during the Chalcolithic Occupation
of Areni-1 Cave in Armenia

2.1 Introduction
This paper uses faunal remains to explore the subsistence and ritual roles of animals
from Areni-1 Cave in southern Armenia during the Chalcolithic period. In the South Caucasus,
the Chalcolithic period is bracketed by the Neolithic farming villages of the mid sixth-fifth
millennium BC, and the emergence of the Kura-Araxes cultural tradition in the mid-fourth
millennium BC (Chataigner, 1995; Kohl, 2007; Palumbi and Chataigner, 2014; Rothman, 2017)
The Chalcolithic period remains something of an enigma because of the scarcity of reliable
radiocarbon dates and the lack of consensus on the chronological or cultural meaning of its
ceramic horizons (Sagona, 2014: 24). Zooarchaeological studies of the Chalcolithic period are
also rare, and so this problem extends to the definition of Chalcolithic animal economies.
The Chalcolithic is characterized by an expansion in the number of sites and a
diversification of settlement types relative to the concentrations of Neolithic settlements in the
river valleys. This shift is most often interpreted as evidence of the more flexible and mobile
lifestyle of and transhumant sheep and goat pastoralism (Chataigner, 1995; Kushnareva, 1997:
49; Kiguradze and Sagona, 2003; Sagona, 2011; Marro et al., 2011; Palumbi 2011) possibly in
response to the establishment of the more seasonal pattern in rainfall and pasture availability
typical of the modern Mediterranean climate of the region (Connor and Sagona, 2007; Ollivier et
al., 2016). These interpretations are hypotheses that must be tested using
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faunal remains—the most direct archaeological material associated with pastoralism. Because of
the rarity of published and detailed faunal reports, every zooarchaeological study is a critical
contribution to refining the portrayal of human-animal interactions in the Chalcolithic period.
Areni-1 Cave in southern Armenia is particularly significant in this regard, because of its
outstanding preservation of organic material (Pinhasi et al., 2010; Smith et al., 2014). Areas of
both domestic habitation and ritual practice are preserved at Areni-1. The recovery of faunal
remains from both areas allow us to investigate the diverse role of animals in human activities at
the site. Specifically, I ask: what types of domestic and wild animals and animal products were
exploited at Areni-1 for economic purposes? What does the species composition and exploitation
of the domestic animals denote about the pastoral strategies practiced at the site? And how were
animals incorporated into the ceremonial and ritual practices of the site?

2.2 Cultural and Chronological Setting
Using the small number of available radiocarbon dates and data from more recent
excavations, Sagona (2014) broadly divided the Chalcolithic period of the South Caucasus
(present-day Armenia, Azerbaijan, Georgia, and parts of northwestern Iran and eastern Turkey)
into an early (ca. 5000–4000 BC) and a late phase (ca. 4000–3500 BC). The late phase is more
securely dated, because it is based on data from a large number of sites, while the early phase is
defined primarily on evidence from two sites in Azerbaijan: Ovçular Tepesi and Mentesh Tepe (
Marro et al., 2011; Lyonnet et al., 2012) (Figure 2.1). The Chalcolithic
period includes two important ceramic horizons: Chaff-Faced Ware (CFW) and Sioni Ware.
Sioni Ware was locally produced, primarily in western Georgia (Sagona, 2014), while CFW is a
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more extensive horizon that originated in northern Mesopotamia. Its geographic distribution is
interpreted as evidence of cultural interaction along a north–south axis from northern
Mesopotamia, through the South Caucasus and into the southern edges of the Eurasian Stepp
(Marro et al., 2012) While some scholars relate these horizons to chronological periods (e.g. Late
Sioni), Sagona argues that there is no relationship between their appearance and distribution and
his chronology. Rather, he contends that evidence for regionalism in CFW ceramic forms,
hybridity between the two ceramic types, and the occasional co-occurrence of the horizons in the
same strata, reflects a mosaic of cultural groups in the South Caucasus each with their own
cultural identity. Some of these groups clearly interacted with populations in northern
Mesopotamia and the northern Caucasus (Sagona, 2014).
In the South Caucasus, the Chalcolithic period is most easily defined in relation to the
preceding Neolithic and subsequent Kura-Araxes traditions. Most of the earliest Neolithic
farming villages of the Sholaveri-Shomu tradition are densely clustered in the valleys of the Kura
and Araxes rivers and their tributaries. The end of the Neolithic period in the sixth millennium
BC coincides with changes in the hydrological regime of rivers that pushed Chalcolithic people
into elevations across a wide range of ecosystems above 400–500m asl (Connor and Sagona,
2007; Sagona, 2014; Ollivier et al., 2016). The transition to the Kura-Araxes tradition in the midfourth millennium BC is also characterized by a sudden shift in settlement pattern and ceramic
horizon. For the most part, the earliest Kura-Araxes horizons, characterized by pale brown and
red-black ceramics, are found either in new locations lacking Chalcolithic occupation, or on top
of Chalcolithic horizons, after a clear stratigraphic break (Kiguradze and Sagona, 2003; Kohl,
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Figure 2.1. Main Chalcolithic sites in the South Caucasus, including Areni-1 (number 13); 1.
Berikldeebi, 2. Sioni, 3. Tsopi, 4. Bavra-Ablari, 5. Baba Dervish, 6. Mentesh Tepe, 7. Leilatepe,
8. Alikemek Tepesi, 9. Köhne Pasgah Tepesi, 10. Godedzor, 11. Kül Tepe-Iran, 12. Kültepe 1&
2-Nakhchivan, 13. Areni-1, 14. Ovçular Tepesi, 15. Aratashen, 16. Aknashen-Khaturnakh.
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2007). Contrary to this established pattern that suggests discontinuity in the occurrence of
Chalcolithic and Kura-Araxes ceramic horizons, some have argued that Kura-Araxes pottery first
appears in Chalcolithic horizons at several sites in the South Caucasus, including at Areni-1
(Wilkinson et al., 2012).

2.3 Areni-1
Areni-1 is a large three-chambered karstic cave located at about 1100m asl in the Vayots
Dzor region of Armenia (Figure 2.2). The cave’s entrance is situated in a rocky cliff on the lefthand bank of the Arpa River, which flows through the Lesser Caucasus mountains and into the
Araxes River. Areni-1 is known for its exceptionally well-preserved Chalcolithic and Medieval
occupations (Areshian et al., 2012; Wilkinson et al., 2012). In the Chalcolithic period, this is
attested by large quantities of seeds, fruit pits, desiccated fruits, and multiple leather shoes
(Pinhasi et al., 2010; Smith et al., 2014). The exceptional state of preservation is enabled by the
cave’s stable microclimate and layers of thick, hardened dung that sealed the Chalcolithic
deposits. Under the direction of Boris Gasparyan, Diana Zardaryan, and Firdus Muradyan
(National Academy of Sciences of the Republic of Armenia), Gregory Areshian (University of
California-Los Angeles), Keith Wilkinson (University of Winchester), and Ron Pinhasi
(University of Vienna), six trenches were excavated at Areni-1 between 2007 and 2011. The
faunal remains analyzed in this study originate from Trenches 1–3, located inside the cave
(Figure 2.3). Here I briefly introduce each of the trenches. Detailed information about the
stratigraphy and ceramic typology of the trenches are provided elsewhere (Areshian et al..2012;
Wilkinson et al., 2012).
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Figure 2.2. View of the Areni-1 Cave from the north (Areshian et al., 2012: 117); entrance to the
cave is visible above the blue tarp.
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Figure 2.3. General plan of Areni-1 and the excavations; trenches 1–3 which are the focus of this
study are located inside the Cave (Smith et al., 2014: 184).
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Cultural deposits inside the cave are primarily related to two Medieval and three
Chalcolithic occupations. The Chalcolithic occupation is divided into three Late Chalcolithic
(LC) horizons: LC III: 4300–4000 cal. BC; LC II: 4000–3800 cal. BC; and LC I: 3800–3400 cal.
BC (Areshian et al., 2012). Trenches 1 and 2 are located in the main or first gallery inside the
cave. Excavations in Trench 1 yielded 4.5m of LC II and LC III deposits divided into four
excavation layers (Unit 1002–1005). These Chalcolithic deposits overlay a limited Neolithic
occupation (Unit 1006) dated to 6390–6240 cal. BC (Wilkinson et al., 2012: 24). Together, these
prehistoric deposits lie on a Late Pleistocene–Early Holocene bed of sand and gravel (Unit 1007)
and are capped by a 15–20cm layer of desiccated dung (Unit 1001) that was formed after the
Chalcolithic period (Areshian et al., 2012; Wilkinson et al., 2012).
Evidence from Trench 1 predominantly points to food storage and funerary purposes.
Major finds from LCIII–II in Trench 1 include three sealed funerary jars (Figure 2.4). Two of the
jars (Units 1003–1004) contained single plastered human crania belonging to individuals
approximately 11–15 years in age. A cranium and long bone shaft fragments of a subadult
female were found in the third jar (Wilkinson et al., 2012). The LC III–II occupation in Trench 1
also included six large storage vessels filled with a rich assortment of plant remains. These were
lined with reeds and set into packed clay platforms (Wilkinson et al., 2012). The vessels were
associated with a grape pressing installation used for wine production, evidenced by residues of
red wine pigment anthocyanin malvidin on ceramic sherds, as well as large quantities of grape
pips and several grape vines (Barnard et al., 2011; Smith et al., 2014). Evidence for plant
processing at Areni-1 is extensive and is not limited to this wine press. Excavations in Trench 1
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also recovered textile fragments made of spun linen (Linum usitatissimum) dating to LC II
(Smith et al., 2014: 176). These finds in Trench 1, along with large amounts of reed stems
recovered from across the excavated areas, indicate that extensive fiber processing took place
inside the cave. In fact, many of the pottery jars found in Trench 1 (Unit 1002) were lined with
reeds (Phragmites australis) and contained large quantities of charred and desiccated plant
remains, including walnuts (Juglans regia) (Wilkinson et al., 2012).
Trench 2 is the deepest and least studied trench at Areni-1. Because of the lack of
systematic recording and data recovery in the initial excavations, a stratigraphic plan is not
available for this Trench (Gasparyan, personal comm.). Further excavations led by Boris
Gasparyan focused on understanding the scope of the earlier excavations as well as a more
controlled excavation of the deeper deposits in Trench 2. These excavations revealed at least
2.5m of Chalcolithic deposits that are contemporaneous with those of Trench 1. These deposits
were overlain by several meters of dung and a disturbed matrix that contained Medieval artifacts
(Gasparyan, personal comm.). The Chalcolithic deposit in Trench 2 has the lowest density of
cultural remains inside the cave (Figure 2.5). These included pots with cremations and isolated
human bones from the interspersed sediment (Smith et al., 2014).
The stratigraphically complex Trench 3 located under the overhang at the entrance of the
cave, yielded the largest amount of archaeological material (Figure 2.6). This trench was opened
during the earliest investigations at the site and was initially excavated by Keith Wilkinson and
Firdus Muradyan. The trench was initially reported by Wilkinson as Trench 2 (not to be confused
with the Trench 2 discussed above). Following a continuation of excavations of this trench by
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Diana Zardaryan, it was relabeled as Trench 3 and was referred to as such in all subsequent
studies and publications. Whereas Wilkinson’s excavations focused on a deep sounding of the
area to assess the total depth of cultural deposits, Zardaryan’s excavations focused on a largescale horizontal exposure of Trench 3. Zardaryan’s excavations are in the process of publication.
Wilkinson’s excavations revealed 1.6m of cultural deposits (Units 2001–2008)
overlaying the Late Pleistocene–Early Holocene silt and sand matrix (Unit 2009) (Wilkinson et
al., 2012). These cultural deposits consist of a complex web of finished floors, hearths, domestic
debris, midden, pits, and pots used for both storage and funerary purposes. Unlike Trenches 1
and 2, all three LC horizons are present in Trench 3. However, each LC horizon is truncated by
the subsequent LC occupation, and all three LC horizons are truncated by Medieval habitations.
The LC I component is most problematic, because most of the deposits were mixed during the
construction of a medieval dwelling (7th–9th centuries), storage pits and ovens (11th–14th
centuries). LC II, separated from LC I by a layer of dung, is the most extensive occupation in all
three trenches. LC III is much less extensive, and it was separated from LC II by an additional
layer of dung.
The complex stratigraphy of the Areni-1, especially the extensive mixing between
contexts and occupations, poses a serious challenge when interpreting the site and its contexts
(Sagona, 2014). This is particularly true given the presence of Kura-Araxes ceramics which may
or may not be intrusive in the LC II horizon of Trench 3 (Wilkinson et al., 2012). Kura-Araxes
ceramic fragments are also reported in a series of Chalcolithic pits at Ovçular Tepesi in
Azerbaijan and Berikldeebi in Georgia (Marro et al., 2011, 2014; Sagona, 2014).
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These finds extend the earliest appearance of Kura-Araxes pottery back by at least 300–400
years, and thus have significant implications for ongoing discussions about the geographic
origins of the distinctive black and red pottery of the Kura-Araxes tradition (Frangipane and
Palumbi, 2007; Palumbi, 2008; Sagona, 2014). Given overwhelming evidence for a stratigraphic
break between the appearance of the earliest Kura-Araxes horizons and the end of the preceding
Chalcolithic occupations, the complex stratigraphy and excavation history of these sites bring the
significance of the Chalcolithic matrix of the Kura-Araxes pottery into question (Palumbi and
Chataigner, 2014). To minimize the problems of stratigraphic mixing, our study of the roles of
animals in the economic and ritual practices at Areni-1 includes a detailed strategy to ensure that
only fauna from the most secure Chalcolithic contexts are analyzed and interpreted.

2.4 Economic and Symbolic Value of Animals
How humans exploit animals reflects the social and economic dynamics of past
communities. In Chalcolithic societies animal products were derived from domestic herds and
wild game. Small agropastoral communities with largely self-sufficient households often keep
mixed herds to satisfy their daily needs. Keeping a variety of animals with wide ranging
behavioral and physiological traits provides herd security in the face of seasonal changes in
temperature and rainfall, and unpredictable water and feed supplies, among other risks (Halstead,
1992; Redding, 1981; Kuznar, 2001). In addition to primary products such as meat, bone, and
leather, herd animals also provide secondary products such as milk, fleece, labor, dung, blood,
and social capital, and thus may serve as “walking larders” or wealth on the hoof (Clutton-Brock,
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2014; Redding, 1984). Hunting can provide an alternative source of animal products that does
not deplete the capital of herd animals. Wild animals also provide a range of unique products
such as antler, for tool blanks, or hide and fur. The nature of human exploitation of domestic and
wild animals is reflected in the relative representation of species, and the age structure, body part
representation, and butchery and carcass preparation patterns of animals in the zooarchaeological
assemblage (Zeder, 1991; Atici et al., 2014).
Faunal remains recovered from ritual contexts may reflect the symbolic and ideological
value of animals in ancient times. The intentional burial of animals and their inclusion in human
graves signal the presence of a strong emotional bond between humans and animals and critical
connections with the supernatural world (deFrance, 2009). Other ritual practices like feasting
serve to promote a sense of group identity, and the location of the feasts can reinforce social
distinctions between groups (deFrance, 2009). Feasting may also be associated with burial
practices, where they highlight the social status of the deceased or their living kin (Grosman,et
al., 2008; Hayden, 2009). Ritual practices may incorporate rare, exotic, or dangerous wild
animals that have specific symbolic meaning. Wasteful behavior is a common feature of feasts,
and it may include slaughtering large number of very young or immature animals (Crabtree,
1990; deFrance, 2009). High-value herd animals such as prime-aged females may also be
sacrificed or consumed to signal social status. Finally, rituals may include the interment of whole
animals, such as pets; the deposition of large quantities of the highest quality cuts or meatiest
body parts of an animal following a feast; or the ceremonial inclusion and
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Figure 2.4. View of the uppermost Chalcolithic deposits in Trench 1; grape pressing area in the
lower left-hand corner; photo credit: Siavash Samei.

44

Figure 2.5. View of the main area of Trench 2 (Smith et al., 2014: 186).
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Figure 2.6. View of Trench 3 under the rockshelter near the mouth of the Cave (Areshian et al.,
2012: 122).
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display of non-meatbearing but symbolically meaningful body parts, like the skull and horn of
male individuals of domestic animals (deFrance, 2009; Hodder and Meskell, 2010).

2.5 Methods
The taxonomic, demographic (age), taphonomic (burning, gnaw marks, fragmentation),
and anatomical data (element and portion) for this study were recorded in the field between 2013
and 2016, using a comparative skeletal collection at the Institute of Zoology in Yerevan, and
various published identification keys and protocols (Boessneck, 1969; Brown and Gustafson,
1979; Bar-Oz and Munro, 2004; Stiner, 2004; Zeder and Lapham, 2010; Zeder and Pilaar, 2010).

2.5.1 Relative Taxonomic Abundance
Two taxonomic abundance measures are used to evaluate the relative significance of
various herd animals (Appendix A.1). The first analysis measures the relative proportion of herd
animals: cattle (Bos taurus), caprids, and pigs (Sus scrofa). The caprid category combines the
small number of bones identified specifically to sheep (Ovis sp.) and goat (Capra sp.) with a
much larger sample of caprid bones that could not be reliably assigned to either. The second
analysis, a sheep to goat ratio, is calculated using only caprid specimens identified to genus.
Wild and domestic forms of caprids are undoubtedly included in both measures, because with the
exception of a few body-parts, most sheep and goat specimens cannot be reliably identified as
wild or domestic. This ratio is complemented with body size data recorded using the Log Size
Index (LSI) to investigate the presence of wild sheep and goat in the assemblage. The LSI
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combines measurements from multiple bone elements and then standardizes them using
measurements from a standard animal (Meadow, 1999). Standard measurements for sheep and
goat are provided by Uerpmann and Uerpmann (1994). The LSI was applied to only one depth or
breadth measurement from each specimen. The elements include long bone epiphyses, the
astragalus, calcaneus, and the first phalanx. An LSI value of zero represents the standard animal;
values above zero represents animals that are larger than the standard, while negative values
represent animals that are smaller than the standard.
To investigate the contribution of wild game to human activities at Areni-1, I first
determine what proportion of the faunal assemblage belongs to wild animals. Then I use two
additional abundance measures to inspect the relative proportion of three broad categories of
wild animals (ungulates, carnivores, and birds), and to examine the relative abundance of various
species within each category. All abundance indices are based on the number of identified
specimens (NISP).

2.5.2 Management Goals
Sheep, goat, and cattle management goals are determined by building age profiles of
domestic herds using survivorship curves based on long bone fusion data, and mortality profiles
based on mandibular tooth eruption and wear data. Both methods are based on the minimum
number of elements (MNE). The proximal and distal epiphyses of limb bones fuse to the bone
shaft (or diaphysis) in a predictable sequence, until around the end of the fourth year of life,
when sheep, goat, and cattle reach full body size. Following published protocols (Grigson, 1982;
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Zeder, 2006), epiphyses that fuse at similar age intervals are combined into groups. The
proportion of fused bones in each group represents the proportion of animals that survived until
that age. Unlike bone fusion, tooth wear occurs throughout an animal’s life and thus, provides
higher resolution mortality data even after an animal reaches adulthood. Payne’s (1973) method
is used to construct sheep and goat mortality profiles. Unfortunately, the cattle tooth sample from
Areni-1 is too small to construct mortality profiles. Mortality and survivorship data are
interpreted through comparison with published theoretical models for meat, milk, and wool
production, and animal use for labor (Payne, 1973; Greenfield, 2010). Milk is differentiated from
meat exploitation by high male mortality in the first year of life. In contrast, male caprines are
culled primarily in their second and third years in a meat strategy, while cattle are culled in their
third and fourth years. Wool production and labor exploitation require that some male animals be
kept alive well into adulthood.

2.5.3 Body Part Representation
Body-part profiles are presented for cattle and caprids. Because certain body parts like
vertebrae and ribs were identified to less diagnostic body-size categories and not genus and
species, these regions will be under-represented in the body-part profiles for more specific
groupings. To overcome this problem, the caprid and small and medium ungulate categories are
combined in this analysis. This is justified since caprids are by far the most common small and
medium ungulate identified in the assemblage (90.1%). The same was not possible for cattle
since they comprise only 47% of large ungulates identified to species. Red deer (Cervus
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elaphus), fallow deer (Dama sp.), and onager (Equus hemionus) comprise the other portions and
so the large ungulates category may also include specimens from these species. Body-part
profiles are presented as anatomical regions using a slightly modified version of Stiner’s (2004)
groupings, which include head, neck, axial skeleton, shoulder, lower-front limbs, haunch, lowerhind limbs, and feet (Table 2.1). Pooling skeletal elements into these regions evens out interelement variation in structural density that mediate bone survivorship in the archaeological
record (Lyman, 1994; Stiner, 2004). By the same token, teeth are not included in the head

Table 2.1. Body part categories and their corresponding anatomical regions and utilities.
Anatomical Region
Head
Neck
Axial
Shoulder
Lower Front
Haunch
Lower Hind
Feet

Body Part
Mandible, maxilla, cranium
Atlax, axis, cervical vertebrae
Ribs, thoracic vertebrae, lumbar vertebrae, sacrum
Scapula, humerus
Radius, ulna
Pelvis, femur
Tibia, astragalus, calcaneus, patela
Metacarpal, metatarsal, phalanges

Utility
Low
Low
High
High
Low
High
High
Low

category, because they have higher mineral density than bone and are thus more likely to
preserve in archaeological sediments (Stiner, 1994). The profiles are constructed using
%survivorship of each anatomical region. To determine %survivorship, the minimum number of
elements (MNE) for each element is calculated based on the most commonly represented
element portion (Lyman, 1994). Element portions are recorded based on their distinct
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morphological features (Stiner, 2004). The MNEs for all elements in an anatomical region are
combined, and the total is standardized by dividing this by the number of combined elements
from that region represented in an animal’s body, to produce the Minimum Anatomical Units
(MAU). The MAU for each region is then divided by the MNI (the largest MAU from all
regions) and multiplied by 100% to calculate %survivorship for each region (Lyman, 1994).
Body-part profiles are examined separately for each trench. In Trenches where sample sizes are
small (i.e., 1 and 2), NISP was used instead of MNE, since NISP has also been shown to
correlate with MNE in zooarchaeological assemblages (Grayson and Frey, 2004).

2.5.4 Butchery Patterns
The frequencies of cutmarked bones and cutmark types are determined to investigate
butchering patterns. The frequency of cutmarked bones is calculated as the proportion of
specimens with at least one cutmark out of all identified specimens. Cutmark types are divided
into five action categories including meat removal, disarticulation, skinning, tongue removal, and
head removal (Binford, 1981). Cutmarks produced during head removal are located at the base of
the skull, and the articulations of the atlas and axis vertebrae, while tongue removal marks
appear on the mandible. Skinning cutmarks are most common on the cranium, the phalanges, and
the distal metacarpal and metatarsal. Disarticulation marks are found on carpals, tarsals, and the
articular ends of long bones. Finally, meat removal cuts include long slices on the midshaft of
limb bones and smaller cuts on or around ligament attachment scars (Binford, 1981; Lyman,
1994). Specimens exhibiting more than one type of cutmark are counted once for each type. For
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example, a bone fragment containing a disarticulation cut and a meat removal cut, will be
counted twice in calculating the proportion of various cutmark types.

2.6 Mixed Contexts and Sampling Strategy
The complex stratigraphy and excavation history of Areni-1 posed two challenges for the
study of the Chalcolithic occupation of the site. The first and most problematic is the mixing of
Chalcolithic and Medieval contexts. Mixing is caused by the turnover of Chalcolithic deposits by
Medieval occupation of the site, rodent burrowing, and illegal use of the cave as a shelter in
recent years. Mixing has been particularly intrusive in Trench 3, at the mouth of the cave. The
initial goal was to distinguish secure, unmixed contexts from potentially mixed contexts so that
only the most secure skeletal elements would be included in this study. Contexts inside the cave
consist of individual pits, or ceramic vessels, or clay bins and their contents—identified with
Locus numbers—and the sediments that are dispersed between these vessels—indicated by
Square and Spit numbers (Figure 2.4). First, field notes, plan and trench photos and drawings,
and a large radiocarbon database were used to identify secure contexts Chalcolithic and
Medieval contexts (Table 2.2). These consist of sealed jars and pits that are not compromised by
intrusion or mixing with obvious Medieval contexts such as ovens and circular dwellings
containing manuscript fragments, Medieval pottery, and glass. Secure contexts also include those
whose contents were sealed and directly radiocarbon dated such as Pit 3 in Trench 3 (Pinhasi et
al., 2010). Pit 3 contained a deer scapula, the complete horns of two female wild goats, and a
leather shoe that was directly dated to LCI (Pinhasi et al., 2010). However, for reasons that I will
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explain below, this first step treated Chalcolithic and Medieval periods as the primary units of
analysis, and did not take into account specific horizons (e.g. LC I) within each. In this step,
those contexts that could not be unequivocally identified as secure Chalcolithic or medieval
contexts were marked as “potentially mixed contexts” (Table 2.2).
Bones from secure contexts (Medieval and Chalcolithic) were studied during two pilot
study seasons in 2014 and 2015. The two assemblages were then analyzed and compared to
identify any differences that could potentially be used to detect additional secure contexts from
the pool of potentially mixed contexts mentioned above. Two key differences were identified.
Contexts were identified as not secure, if: 1) they contained any historical or recently introduced
taxa, particularly chicken; 2) they contained significantly higher proportion of “fresh” bones with
ligaments and bone surface grease (Behrensmeyer, 1978 (Figures 2.7a and 3) they contained any
instance of anatomical articulation. These characteristics were then applied to the potentially
mixed contexts. If any of the three identifiers were noted in a bag of bones, the context from
which those bones were collected was marked as “mixed.” If any context was represented by
multiple bags of bones, all bags were marked as “mixed” even if they themselves did not contain
evidence of mixing. All finds from mixed contexts were excluded from this study.
In total, 5264 specimens were identified from 449 discrete contexts inside the cave (Table
2.2). A small fraction of these contexts (n=133) belonged to secure chronological periods,
including 45 Chalcolithic and 87 Medieval contexts. The remaining 316 contexts were identified
as potentially mixed contexts. Following the implementation of the protocol described above, an
additional 137 secure Chalcolithic contexts were identified from among the larger pool of
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potentially mixed contexts, bringing the total of secure Chalcolithic contexts to 182. Forty-two
percent of the faunal assemblage (NISP=2184) were assigned to this larger group of secure
Chalcolithic contexts. Together bones from mixed Chalcolithic-medieval contexts (NISP=2331)
and secure medieval contexts (NISP=285) account for 50% of the assemblage. The remaining
8% of the faunal assemblage (NISP=473) was recovered from the small Neolithic area in Trench
1. Only the sample from secure Chalcolithic contexts is included in this study. The efficacy of
this sampling strategy is demonstrated by the significant differences in the taxonomic
composition of the clean Medieval and mixed faunas versus the secure Chalcolithic faunas.
Greater abundance of cattle bones relative to caprid and pig bones in both the Medieval and
mixed contexts (Figure 2.7b) indicate that medieval bones had infiltrated the Chalcolithic
deposits in mixed contexts.
The second task was to address intermixing between Chalcolithic horizons. For example,
in all three trenches, particularly in Trenches 1 and 3, the ephemeral LC III is truncated by
intrusive bins, pits, and burials dating to LCII (Wilkinson et al., 2012; Smith et al., 2014). Deep
intrusions by Medieval and more modern activities has also resulted in intermixing between
these Chalcolithic horizons. As a result, only 44% of the Chalcolithic material could be directly
and securely attributed to specific horizons. These horizons are defined by ceramic studies and
radiocarbon dates of the sealed Chalcolithic jars and pits mentioned above. There are no major
differences in the relative abundance of ungulate taxa and sheep-goat ratios between these
horizons (Figures 2.7c–d). Therefore, in the interest of incorporating the largest possible number
of bones into this study, faunal remains from all Chalcolithic horizons in each trench were
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combined and analyzed together, but meaningful patterns and differences between different
horizons are presented, when noted.

Table 2.2. The number of discrete contexts identified at Areni-1 before and after sampling
protocol implementation. Discrete contexts consist of individual pits, vessels, and clay bins
indicated with locus numbers; as well as sediments interspersed between loci, identified with
square and spit numbers.

Trench 1
Total Contexts

Trench 2
65

Trench 3
107

Total
277

449

Before protocol implementation
Secure Neolithic
Secure Chalcolithic
Secure Medieval
Potentially mixed contexts

19
17
38

15
2
90

21
68
188

1
45
87
316

11
20

35
50

91
112

137
182

-

After protocol implementation
Additional Chalcolithic contexts
Total secure Chalcolithic Contexts
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2.7 Results
2.7.1 Taxonomic Abundance of Herd Animals
Nearly 80% of the identified fraction of the assemblage (NISP=1722) was recovered
from Trench 3, and 11% was recovered from each of Trenches 1 and 2 (Figure 2.8a). Caprids,
cattle, and pigs are present in all three trenches. In each case, caprids are the dominant ungulates
(81–89%), followed by cattle, and then pig (Figure 2.8b, Table 2.3). The relative abundance of
cattle and caprids is mirrored in the abundance of large ungulates relative to medium and smallsized ungulates (Figure 2.8c). The rank order of each taxon is the same across all trenches. The
only interesting variation in relative abundance occurs in Trench 3, where all three Chalcolithic
horizons are represented by clean contexts. Although the sample is small (NISP=89),
pigabundance is substantially higher in LC I (12%) than in LC II (3%) or LC III (1%) (Figure
2.8d). Sheep and goat are represented in a 1:1 ratio in Trenches 1 and 2; and a 0.5:1 ratio in
Trench 3 (Table 2.3). Not all of these sheep and goat specimens may have belonged to domestic
animals. LSI distribution of goat specimens is positively skewed (mean = 0.014, median = 0.020, skewness = 1.431) (Figure 2.9), while the distribution of fused sheep specimens is slightly
negatively skewed, but for the most part symmetrical (mean= 0.014, median = 0.015, skewness =
-0.551) (Figure 2.9). In both instances, the largest LSI values may hint at the presence of very
large, possibly wild animals in the assemblage.

.7.2 Taxonomic Abundance of Wild Animals
Wild animals make up nearly 20% of the faunal assemblage in Trench 1, compared to 9%
and 11% in Trenches 2 and 3 respectively (Figure 2.10a), though the data from Trench 1
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Figure 2.7. Taphonomic and taxonomic differences between Chalcolithic, Medieval, and mixed
contexts based on the number of identified specimens (NISP): a) proportion of fresh bones out of
the total number of identified bones in secure Chalcolithic and medieval contexts, freshness
defined as bones with ligaments or bone surface grease (Behrensmeyer, 1978); b) relative
abundance of cattle between the larger group of secure Chalcolithic contexts identified with the
sampling strategy and all other mixed and Medieval contexts; c–d) relative ungulate abundance
between clean Chalcolithic contexts identifiable to occupation horizon and clean “mixed”
Chalcolithic contexts with evidence of intermixing between different Chalcolithic horizons.
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Table 2.3. Relative abundance and ratios of major ungulate taxa based
on NISP. The caprids category also includes bones identified to sheep
and goat. Caprid, sheep, and goat categories also include wild specimens.

Taxa
Bos
Caprids
Sus
All Ovis
All Capra
Ovis : Capra

Trench 1

Trench 2

17
90
3
14
12
1.2:1

Trench 3
17
110
10
12
12
1:01

62
910
49
91
189
0.5:1

(NISP=44) and Trench 2 (NISP=20) are based on very small samples. Ungulates account for the
majority of wild taxa in all three trenches (40–65%), but birds (40–42%) and carnivores (11–
20%) are far more abundant in Trenches 1 and 2 than in Trench 3 (27 and 8%) (Figure 2.10b). In
all three trenches, the ungulates are dominated by cervids (59–88%)—namely red deer and
fallow deer (Figure 2.10c). Trench 1 is unique, because aurochs (Bos primigenius), which are
rare or absent in the other trenches, make up 30% of its wild ungulates. Similarly, dog or wolf—
which could only be reliably identified to genus (Canis sp.)—also account for 50% of carnivores

58

in Trench 1 compared to only 14 –17% in the other trenches. In contrast, fox (Vulpes vulpes) is
relatively more abundant in Trench 2 (43%) and Trench 3 (63%) (Figure 2.10d). Finally, the bird
assemblage at Areni-1 is rich, although most species are represented by only one or two
specimens. They include golden eagle (Aquila chrysaetos), common wood pigeon (Columba
palumbus), chukar partridge (Alectoris chukar), and waterfowl species such as common teal
(Anas crecca) and mallard duck (Anas platyrhynchas).

2.7.3 Survivorship and Mortality
Survivorship and mortality profiles are constructed using combined samples from all
trenches. Nearly all cattle survived the first two years of life (Figure 2.11a), but survivorship
declined to 66% in Stage C (24–30 months), and 20% in Stage D (42–48 months). Virtually all
caprids survived beyond the first year of life (Figure 2.11b). For caprids, survivorship is high
until the second year, when it begins to decline gradually to 64% at four years of age. More
specifically, sheep survivorship remained steady at around 80% for the first two years of life
(Figure 2.11b), and then declined to 61% in Stage E. In contrast, following a rapid decline
survivorship after Stage D (18–30 months), only 20–30% of goats survived to Stages E and F
(48+ months). This more rapid decline in goat survivorship is also visible in mortality profiles
based on teeth, though samples are smaller (Figures 2.11c–d): sheep mortality is highest (56%)
between the second and fourth years of life (stage EF), while goat mortality is highest (72%) in
Stage D (12–24 months).
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Figure 2.8. Major abundance measures of the Chalcolithic based on NISP: a) proportion of all
identified bones across Trenches 1–3; b) relative abundance of major ungulates by trenches, c)
relative abundance of ungulate body-size categories by trenches; c) proportion of pig specimens
out of all major ungulate bones identified in clean Chalcolithic horizons in Trench 3.
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Figure 2.9. Sheep and goat Log Size Indices calculated based on the entire Chalcolithic assemblage, including both fused and unfused
specimens. The LIS is based on long bone epiphyses, astragalus, calcaneus, and first phalanges. Only one depth or breadth
measurement was used for each specimen. Standard measurements are provided by Uerpmann and Uerpmann (1994). Stars represent
median LSI values and arrows represent mean LSI values.
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Figure 2.10. Relative abundance of wild taxa plotted by trenched based on NISP: a) proportion of all wild animals out of the total
finds in each trench; b) major classes of wild taxa; c) wild ungulate taxa; d) carnivore taxa.
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Figure 2.11: Caprid, sheep, goat, and cattle survivorship and mortality based on the entire
Chalcolithic assemblage:
a) cattle survivorship based on Grigson’s (1982) bone fusion stages: A (7–10 months), B (12–20
months), C (24–30 months), D (42–48 months);
b) caprid, sheep, and goat survivorship based on Zeder’s (2006) bone fusion stages: A (0–6
months), B (6–12 months), C (12–18 months), D (18–30 months), E (30–48 months), F (48+
mo). Because of small sample size, sheep and goat survivorship in age class F is not included
here. The caprid category also includes specimens identified to sheep and goat;
c–d) sheep and goat mortality based on Payne’s (1973) mandibular tooth wear and eruption
stages: A (0–2 months), B (2–6 months), C (6–12 months), D (1–2 years), EF (2–4 years), G (4–
6 years), HI (6–10+ years). Mortality is displayed with black bars (left Y-axis) and with
survivorship curves (right Y-axis) superimposed.
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2.7.4 Body Part Representation and Butchery
The neck and axial bones of both cattle and caprids are significantly under-represented in
all trenches (Figure 2.12), while head and limb parts are consistently over-represented. There is
some variation in the relative representation of limbs, heads, and feet among trenches. For
example, cattle and caprid heads are better represented in Trench 1 than in the other trenches,
and cattle scapulae are more abundant than other limb bones in Trench 1. However, these
differences are not statistically significant.
Within each trench, the proportion of cutmarked cattle and caprid bones are similar
(Table 2.4). In Trench 1, 20% of caprid and 27% of cattle bones display cutmarks. Cutmarks are
much less frequent in Trench 2, appearing on only 9% of caprid and 7% of cattle bones. In all
trenches, meat removal and disarticulation marks produced the most cuts (Table 2.4). Head
removal, tongue removal, and skinning cuts are also present in smaller proportions. Skinning
cuts account for 12 –21% of caprid and cattle cutmarks in Trench 3, but only 2% of cuts in
Trenches 1 and 2, while tongue removal accounts for 11% of cattle cutmarks in Trench 1.

2.8 Discussion
All four domestic animals—sheep, goat, cattle, and pig—were exploited by the
Chalcolithic inhabitants of Areni-1. Taxonomic diversification is a key risk reduction strategy. It
improves herd security because a wider range of behavioral and physiological characteristics
reduces herd susceptibility to the damaging effects of diseases or pronounced fluctuations in
water and food availability (Redding, 1981; Halstead, 1992; Kuznar, 2001). Maintaining herd
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Figure 2.12. Cattle and caprid body part profiles by anatomical region in each trench; the anatomical regions are a slightly modified
version of Stiner’s (2004) regions; profiles in Trench 1 and Trench 2 are based on NISP, Trench 3 profiles are based on MNE.
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Table 2.4. Relative proportion of cattle and caprid bones with cutmarks
and the relative proportion of various cutmark types based on NISP. Numbers in
italics represent percentages. The percentage of bones with cutmarks (in parentheses)
is calculated out of the total number of all identifiable finds in each horizon.

Cutmarks

Trench 1

Trench 2

Trench 3

Caprids
Cutmarked Bones NISP
Proportion of Bones with Cutmarks

9
(20.0)

3
(9.9)

79
(15.6)

Head Removal
Tongue Removal
Skinnning
Dismemberment
Filleting

1.5
2.8
1.5
51.8
43.4

5.8
5.8
1.5
69.6
17.6

1.4
4.1
12.4
41.2
40.9

Cutmarked Bones NISP
Proportion of Bones with Cutmarks

31
(26.5)

20
(7.3)

415
(19.5)

Head Removal
Tongue Removal
Skinnning
Dismemberment
Filleting

1.0
11.1
1.0
32.3
54.6

0.0
0.0
0.0
50.0
50.0

Bos
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3.2
1.7
20.9
24.2
50

security would have been important at this time, since the Chalcolithic habitation of Areni-1
coincided with a major shift in the climatic regime of the Caucasus. In the fifth millennium BC,
the warm and wet period associated with the expansion of mixed oak forests and the beginning
of village life in the Neolithic period was replaced by a strongly seasonal climate marked by dry
summers and wet winters typical of the modern Mediterranean regime (Roberts et al., 2001;
Arıkan, 2015; Ollivier et al., 2016). The seasonal variation in water availability and biomass
production that typify mountain environments of the Lesser Caucasus, may have encouraged
transhumant or nomadic sheep and goat pastoralism in this region.
Areni-1 occupants relied primarily on caprids, which could reflect seasonal movement.
Areni-1 may have been a summer occupation or a safe haven along a seasonal migration route
between summer and winter pastures, a possibility that I return to in our discussion of data from
Ovçular Tepesi. Any evidence for transhumance or pastoralism, however, must be empirically
demonstrated using stable isotope analysis. Greater reliance on caprids—with sheep and goat
kept in equal proportions—relative to cattle also signifies a herd security strategy. Cattle yield
much more meat and milk per animal than caprids, but sheep and goat have a higher fertility rate
and a shorter generation length, and lower water and food requirement than cattle (Dahl and
Hjort, 1976; Redding, 1981; Zeder, 2003).
Body part profiles and butchery data suggest that sheep, goat, and cattle were raised by
the occupants of the cave or transported there as whole animals. The animals were slaughtered,
skinned, butchered and prepared for consumption. Most sheep and goat at Areni-1 were culled
between the first and fourth years of life. This is an efficient mixed-use strategy that optimizes
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meat exploitation (Payne, 1973), while still enabling milk, wool and hair to be skimmed from the
herd’s female reproductive core (Redding, 1981). Goats display a steeper decline in survivorship
and thus, younger mortality profile than sheep. As it has been discussed elsewhere (Samei, 2017;
also Chapters 4 and 5), goats have a higher reproductive rate than sheep and are not as well
adapted to cold winters. Thus, goat kids are often slaughtered in late fall to provide meat and
doe’s milk during the cold season ( Payne, 1973; Halstead, 1998; Arbuckle et al., 2009) and
reduce competition for feed with lambs, and breeding and lactating does and ewes.
Cattle also provide a variety of products, including meat, milk, and labor. At Areni-1,
cattle survivorship is lowest in the third and fourth years of life, which is the optimum age to
slaughter cattle for meat (Zeder, 1991: 29). Only 20% of cattle survived until adulthood, perhaps
also because of their poor adaption to winter and the mountainous topography of Areni-1.
Slaughtering juvenile males after their mothers stop lactating, also ensures access to cow’s milk,
since successful lactation requires calves’ suckling stimulus in unimproved breeds (Greenfield,
1988; Halstead, 1998).
Pigs are less central to subsistence when herd security and mobility are paramount,
because they do not yield any secondary products. In Trenches 1 and 2, pigs played no more than
a tertiary role. Nevertheless, pigs account for 12% of ungulates in Trench 3, compared to 1–3%
in the other trenches. Preliminary DNA analysis of several Chalcolithic leather shoes from
Trench 3 suggest that some of them were made of pig or boar hide (Hovhannisyan, n.d.). The
recovery of several bone needles and perforators in Trench 3, including a broken scraper made
from a cattle scapula (Figure 2.13), suggest that hide processing and shoe manufacturing may

68

have taken place in this Trench. Cutmark data also suggest that sheep, goat, and cattle hide were
processed in Trench 3. Careful skinning of a carcass is an essential part of hide processing, and
skinning cutmarks account for 10–20% of cutmarks in Trench 3 compared to 1–2% in the other
trenches.

Figure 2.13. Scapula scraper from cattle found in
Trench 3; scale in cm; photo credit: Siavash Samei.
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Figure 2.14. a) Relative abundance of deer antler and other deer body parts plotted by trenches; b) fox body part profile based on
NISP and the anatomical regions defined in Table 2.1
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Trenches 1 and 2 are associated with human burials and ritual offerings, and are located
deeper inside the cave. Trench 1 differs from the other two trenches in its concentration of wild
animal bones. Trench 1 accounts for only 11% of the total number of identified bones in the
clean sample from Areni-1, yet wild animals make up 20% of this sample. Trench 1 contains
bones of aurochs and canids, which are rare or absent in the other two trenches. Aurochs is only
represented by five specimens, and canids are represented by seven specimens, five of which are
head fragments. Wild animals are often incorporated into ritual rites and ceremonial practices,
and carnivores are believed to have played an important symbolic role among pastoral
communities in a range of time periods across the Near East and the Russian Steppe to the north
(Maher et al., 2011; Anthony and Brown, 2017; Losey et al., 2018;). Dog and wolf bones,
particularly their skull bones and teeth have been found in some human burials in the South
Caucasus dating to the Chalcolithic and Early Bronze Age periods (Kushnareva, 1997;
Poulmarc'h et al., 2016). These cases may be exceptions, because a recent comprehensive
synthesis of Chalcolithic burial practices in the South Caucasus makes no mention of animal
inclusions in human burials (Poulmarc'h and Le Mort, 2016).
These wild animal remains could also have been part of animal burials. Berthon (2018)
reports a case of intentional secondary placement of two foxes inside a jar in the Chalcolithic
occupation of Ovçular Tepesi. Based on the stratigraphic context of the jar, Berthon suggests that
this deposition, which is contemporaneous with LCIII–II of Trench 1 at Areni-1, was related to
rites associated with cycles of temporary abandonment and habitation of the site by pastoralists.
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Ovçular Tepesi is only about 20km to the southwest of Areni-1 (Figure 2.1). Both sites are
located along the Arpa River valley, which would have been the path of least resistance for travel
between potential summer pastures in the inland high elevations of the Lesser Caucasus and
potential winter pastures of the Araxes river valley. Ovçular Tepesi is similar to Areni-1 in terms
of its relative cattle and caprid abundance measures and sheep-goat ratios (Kovacs et al., 2013).
Additional excavations are needed to elucidate the role of carnivores in the funerary rites of
Areni-1, and the role of carnivores in the ontology of pastoralist groups in the South Caucasus.

2.9 Conclusion
Archaeological evidence suggests that Areni-1 was a special-purpose site for funerary
practices and manufacturing activities (Areshian et al., 2012; Wilkinson et al., 2012). Areas of
the cave where funerary practices were most prevalent, especially in Trench 1, are characterized
by anomalous concentrations of wild animals, notably canids and wild cattle. In addition, fox
body part profiles, high concentrations of pig bones, and skinning cutmarks on sheep, goat, and
cattle bones from Trench 3 evidence manufacturing activities at the mouth of the cave, including
hide and fur processing.
Activities inside the cave were not limited to funerary rites and craft production. The
presence of numerous fixed storage bins and vessels, often filled with large quantities of plant
remains highlights subsistence activities, including animal husbandry (Wilkinson et al., 2012;
Smith et al., 2014). The people who used Areni-1 managed herds of sheep and goat, and also
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kept a few cattle. Mortality and survivorship data for these animals do not indicate specialized
exploitation of any specific product. Instead, the pastoral strategy at Areni-1 focused on
maintaining herd security and a generalized exploitation of animals for a variety of products. T
his strategy minimized risks such as water shortages or the spread of specific zoonotic diseases,
while ensuring that households had easy access to all a range of primary and secondary animal
products.
None of the evidence definitively indicates that Areni-1 was occupied year-round. High
proportions of sheep and goat and the slaughter of most cattle before they reached adulthood
suggests a seasonally mobile, possibly transhumant or nomadic pastoral strategy. Nomadism and
transhumance are logical adaptations to seasonal shifts in temperature, precipitation, and pasture
availability typical of the continental Mediterranean climate of the Chalcolithic period in the
South Caucasus ( Roberts et al., 2001; Ollivier et al., 2016). Nevertheless, geoarchaeological
data from Trench 1 and Trench 3 suggest continuous human use of the cave (Wilkinson et al.,
2012: 24). Thus, I hypothesize that Areni-1 Cave served as a site that provided regular but
temporary shelter for mobile pastoralists perhaps as part of their seasonal round between the
Araxes River valley and the inner Lesser Caucasus mountains. Stable isotope studies and
additional excavations are needed to test this and other hypotheses about the role of mobility in
the organization of Chalcolithic animal economies in the South Caucasus.
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Chapter 3 – Antler and Tool Manufacture and the Organization of Craft Production and
Labor at the Kura-Araxes Settlement of Köhne Shahar in Northwestern Iran

3.1 Introduction
This study investigates the spatial organization of bone and antler tool production at the
highland settlement of Köhne Shahar to gain a more nuanced view of the scale of social
complexity in the Kura-Araxes world. The Kura-Araxes cultural tradition— one of the most
geographically widespread archaeological tradition in Southwest Asia until the sixth century
BC—emerged in the South Caucasus in the mid-fourth millennium BC (Sagona, 2014). By the
early third millennium BC, it had spread west into Anatolia and the Levant, south into the central
Zagros and the Caspian littoral, and north into the north Caucasus (Figure 1.1). Material remains
and sites of the Kura-Araxes tradition are easily identifiable (Batiuk and Rothman, 2007), yet its
social and economic structures remain poorly understood (Smith, 2005; Palumbi and Chataigner,
2014). The Kura-Araxes world is typified by small villages (ca. 1 ha) and towns (ca. 10 ha). Site
size, ephemeral occupations, and the presence of sites in seasonally inhospitable highlands
suggest that many sites were undifferentiated and Neolithic-like temporary herding camps or
small sedentary agropastoral communities. They lack evidence of centralized institutions and
social stratification typical of contemporaneous Mesopotamian cities or subsequent mountain
societies of the second and first millennia BC, which are marked by monumental architecture
and elaborate burials (Smith 2005; Kohl, 2007).
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Some scholars question the generalisation of this narrative to the entirety of the KuraAraxes world. More recent syntheses and excavations point to much spatial and temporal
variability in the composition and function of sites. Arslantepe’s rich “royal tomb;” KSH and
Shengavit’s monumental defensive walls; Shengavit’s large storage pits; and the role of
metallurgy, viticulture, and pasture availability in its expansion beyond the Caucasus, all show
that the Kura-Araxes tradition was not homogenous, and that some of its communities were more
complex than others (Palumbi, 2012; Alizadeh et al., 2015; Simonyan and Rothman, 2015;
Rothman, 2017).
One key marker of social complexity is specialization in craft production. The degree and
nature of specialization can be investigated by reconstructing the physical location of discrete
production workshops and constituent stages in the production process, and the geographical
relationship between these activities (Costin, 2005). The fortified settlement of Köhne Shahar
(KSH) in north-western Iran provides an important case for studying production specialization in
the Kura-Araxes highlands, because of its abundant evidence for craft production activities.
Bone and antler tools (henceforth “bone tools”) are the most abundant worked material at
KSH. The organization of production of these tools serves as a proxy for the overall spatial
organization of craft production activities. I investigate the spatial organization of bone tool
manufacturing and use by identifying contexts associated with key stages of their production and
usage. I then combine these analyses with other artifactual and contextual indicators to
understand: 1) what objects were produced with different bone tools and in what parts of the site;
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2) the spatial relationship between bone raw materials and the production of those objects; and 3)
the spatial relationship between different stages of production of specific objects. These analyses
will allow us to infer broader patterns of control and hierarchy in the production process and the
organization of labor, all of which point to the larger organization of society at KSH.

3.2 Köhne Shahar
KSH is a 15-ha site (1905m asl) near the town of Chaldran in northwestern Iran (Figure
3.1). It consists of a citadel, separated by a large wall from an “outer town” and a cemetery
(Figure 3.2). The citadel (approximately 250m2) comprises of several neighborhoods divided by
radial alleyways leading to a central plaza (Figure 3.3), and it consists of five distinct phases of
occupation. Phases I–III date to ca. 3200–2800 BC, and phases IV–V date to ca. 2800–2500 BC.
There is also a disturbed layer of structural foundations visible only on the surface that we did
not detect in our excavations. Thus, there is a sixth phase in the citadel that is yet to be
understood. The stratigraphic relationship between the citadel and the extramural areas remains
unknown, but ceramics and architectural analyses show that at least part of the final occupation
of the outer town was contemporaneous with phases IV–V of the citadel (Alizadeh et al., 2015).
Between 2012 and 2014, Karim Alizadeh and his team excavated five 10×10m trenches
in the eastern (ENH), central (CNH), and western (WNH) neighborhoods (Figure 3.3).
Underneath the disturbed surface deposits, excavations exposed rich deposits and numerous
structures and spaces in Phases III–V (Figures 3.4–3.6), some of which contained primary and
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Figure 3.1. Location of Köhne Shahar relative to other major Kura-Araxes sites in the area.
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secondary evidence for craft production. Several other spaces and structures of various sizes and
unknown functions were also interspersed among the production areas. These were largely
devoid of notable features and artifacts and contained little evidence for either manufacturing or
domestic activities.
A 2013 geophysical survey points to a high frequency of workshop activities throughout
the citadel (Alizadeh et al., 2018), the spatial scope of which suggests that craft production was
an important activity that was practiced throughout the fortified community. The full range of
objects produced is not yet known, but the presence of several small pyrotechnological
installations, and the abundance of stone beads and small crucibles and slags suggests that
manufacturing focused on producing small, possibly ornamental objects, including stone beads
and possibly metals (Alizadeh et al., 2018). Alongside stone beads, bone is the most abundant
class of worked remains at KSH. This is not unexpected, because bone is a common, accessible
and expendable material that is subject to less recycling and curation than rare materials like
metals. Recovery of complete bone tools, consumed and broken tools, and raw materials, shows
that all stages of tool manufacturing and use are present at KSH. These remains are found in
association with stone bead blanks, pyrotechnological installations, hammer-stone implements,
and manufacturing waste. Bone tools thus reveal two aspects of the production economy: the
process of primary manufacture of the tool itself, and the use of the finished tools in the
production of other crafts. The physical location of activities associated with bone tool use is an
important proxy for the overall spatial organization of production activities.
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Figure 3.2. View of Köhne Shahar and its three parts from the south-southwest; photo credit: Karim Alizadeh.
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Figure 3.3. Location of excavated trenches inside the citadel overlaid on a topographic
map drawn by Kleiss and Kroll (1979)
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Figure 3.4. Schematic drawing of the eastern neighborhood (ENH).
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Figure 3.5. Schematic drawing of the western neighborhood (WNH).
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Figure 3.6. Schematic drawing of the central neighborhood (CNH).
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3.3 Production Specialization and the Organization of Bone Tool Use
Specialization refers to the production of edible or “nonedible goods for consumption by
social groups other than those that produced them” (Wattenmaker, 1998: 3). Specialization can
take many forms depending on the amount of time invested in production, the type of goods
produced, and the organization of labor (Costin, 2005). Among middle-range societies, like the
Kura-Araxes, the household is the most fundamental unit of economic output (Hirth, 2009: 13).
As was discussed in Chapter 1, like state-level societies middle-range societies have delayedreturn economies, but unlike states they lack internal specialization in decision-making. At the
same time, they are more complex than immediate-return hunter-gatherer societies (Rousseau,
2006: 20). The primary economic function of households is domestic production. Depending on
the size of households and the tempo of domestic activities, mobilisation of household labor
toward non-subsistence-related activities like craft production beyond immediate needs can
create scheduling conflicts within the household. Resolving these conflicts is a catalyst of social
change. Accommodating the labor needs of craft production may require some degree of
specialization, which can create new opportunities for exchange between households and
communities (Hirth, 2009). The degree to which reorganization of labor will be disruptive to the
organization of household, falls along a continuum of specialization: from the manufacture of
one or multiple products by one artisan or consanguineal group of artisans with the full set of
knowledge necessary to complete all tasks, to the time-intensive production of single products in
different workshops, in which specific stages of production may be undertaken in separate
workshops.
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Determining the degree and nature of labor specialization can be investigated by
identifying the physical location of key stages of production and reconstructing the geographical
relationship between them (Costin, 2005). In this paper I identify three key stages in the
production and use of worked bones: 1) raw material storage; 2) the manufacture and use of tools
for production of other goods; and 3) waste removal. The co-occurrence of these production
stages in the same context implies small-scale, likely domestic production, in which a few
workers with direct access to bone raw material manufactured the tools that they then used to
perform all stages of craft production, and then discarded their waste where they worked. An
increase in distance between these stages signals a move towards a higher order of specialization
increased separation between workers and their raw materials, possible spatial separation of
various stages of production, and the implementation of a systematic means of waste removal.
Differences in the spatial distribution of skeletal parts used as raw materials, tools, or
waste debris will be used to elucidate spatially discrete areas associated with raw material
storage, manufacturing activities, and waste disposal. Differences in the distribution of various
tool types, can then reveal what types of objects may have been produced in different parts of the
site. Finally, by examining the contextual relationship between these areas I will reconstruct the
spatial organization of production and associated labor activities.

3.4 Methods
All trenches at KSH were excavated in 10 cm arbitrary levels within natural and cultural
strata. Sediments from all contexts were dry-sieved using 5 mm and 2 mm mesh screens. Large
bones were handpicked during excavation and smaller bone fragments were collected during
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sieving. All bones were washed and then dried in the shade. Faunal identification took place in
Iran in 2015 and 2016 using a field comparative collection, photographic manuals, and published
identification keys. For each specimen in the identifiable fraction of the assemblage various
taxonomic (taxon), anatomical (element, bone portion, side of the body), demographic (age and
sex), and taphonomic (burning, gnaw marks, bone fracture) variables were recorded in an Excel
spreadsheet using a modified version of the coding protocol established by Stiner (2004).
Identifiable specimens were assigned to the most specific taxonomic classification
possible (Appendix A.1). Sheep (Ovis sp.) and goat (Capra sp.) were distinguished based on
established published protocols (Boessneck, 1969; Zeder and Lapham, 2010; Zeder and Pilaar,
2010). Specimens that could not be identified as either sheep or goat, were assigned to subfamily
(Caprinae). Brown and Gustafson’s (1979) characters were consulted to differentiate cattle (Bos
taurus) from other large ungulates such as red deer (Cervus elaphus). When specific taxonomic
identification was not possible (i.e., in the case of ribs, some vertebrae and undiagnostic long
bone shafts), ungulate specimens were assigned to body-size category (i.e. small, medium, large,
and huge).

3.4.1 Analytical Methods
I applied a two-step approach to isolate faunal patterns of interest and to pinpoint
neighborhoods and their constituent structures and spaces where bone tool production and use
took place. Because of variability in their mechanical properties (e.g., strength and flexibility),
certain skeletal elements of certain animals (e.g. deer antler) are more commonly selected for
tool manufacture than others (Jin and Shipman, 2010). Thus, the first step explores variation in
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the distribution of different animal species and their skeletal parts to separate patterns associated
with bone tool manufacture from non-production related refuse. To explore relative skeletal
abundance, body parts are combined into three anatomical categories—horn/antler, head
(excluding teeth), and body (axial and appendicular skeletons)—and their abundance is
examined relative to their frequencies in an ideal animal. Taxonomic and skeletal abundance are
measured using the number of identified specimens (NISP) (Grayson and Frey, 2004).
In the next step, areas associated with raw material storage, tool manufacturing and use,
and waste disposal are identified. This step investigates the spatial distribution of modified and
unmodified skeletal elements in the areas flagged to be of interest in step one. Each of the three
stages can be identified using the relative proportions of raw materials, waste, and tools and tool
blanks. Raw material storage and primary manufacturing areas are signaled by a predominance
of raw materials. Manufacturing areas also yield high proportions of tools and blanks, while
storage and waste disposal areas yield a higher proportion of unmodified specimens. Raw
materials suitable for tool manufacture include large unmodified pieces with the appropriate
qualities for tool manufacture. Debris refers to unmodified pieces of raw materials or blanks too
small for tool making. Waste areas may also contain broken and consumed tools. The
significance of statistical differences in the distribution of raw materials, tools, and waste debris
among contexts are assessed using a Chi-squared (χ2) test of independence.
Because raw materials must be larger on average than finished tools and tools are larger
than manufacturing debris, the average length and size range of fragments provide an additional
line of evidence to define the different stages of bone tool production. To this end, I measured
each specimen along its longest axis (in mm). Certain elements like antler are identifiable even
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when highly fragmented. Post-depositional and post-recovery breakage can create extremely
small, yet identifiable fragments of bone from even the largest pieces. Inclusion of these pieces
may mask the presence of raw material and artificially inflate the abundance of waste debris.
Thus, to reduce the role of fragmentation, size analyses do not include specimens smaller than
20mm, and those broken during and after excavation.
This study includes all bones collected during excavation and sieving. All sediments were
sieved using 5mm and 2mm mesh screens. I combined the data from phases IV and V because in
large trenches the stratigraphic boundary between the two is not clearly distinguishable. With the
exception of the intermural Public Space (CNH), all discrete contexts—structures and spaces—
are identified with letter “S”, followed by a unique three-digit number. Except S208 and S209
(phase III), all other contexts belong to phases IV–V. S402 and S103 (heretofore “S103”) were
excavated in different trenches and in different seasons but are likely parts of the same structure
and so their contents are analysed together.

3.5 Results
In total, 3179 specimens were identified from all neighborhoods, 2017 of which belong to
caprines, cattle, and red or fallow deer. The most striking pattern in species representation is the
abundance of deer in ENH, where they account for 34% of ungulates, compared to 7–11% in the
other neighborhoods (Figure 3.7a). Ungulate body-part representation also immediately reveals
that antler is significantly over-represented in all three neighborhoods (Figure 3.7b), especially in
ENH, where it represents 92% of all deer specimens. Antler also accounts for 49% and 71% of
deer specimens in WNH and CNH respectively. Horncore is similarly well-represented,
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accounting for over 30% of cattle elements in ENH and CNH. Because of their inflated
representation and utility as raw materials, antler and horncore are central to our analyses.
Recovery was not uniform across all contexts. To reduce sample size biases, only those spaces
with a minimum NISP of 25 were investigated further. Twelve of the 25 contexts in ENH and
five of the seven contexts in CNH met this criterion. WNH is not presented in detail because of
its small samples, but notable observations from WNH are incorporated into the discussion.
In ENH, deer are dominant in five contexts, and present in small amounts in seven others
(Figure 3.8a). Antler is the most common deer body part in all 12 contexts, except S401/1
(Figure 3.9a). Although most antler fragments are unmodified (88%), antler tools and tool blanks
are common in the assemblage. Unmodified antler is most concentrated in S101–S103, S202,
and S404, where it accounts for 40–75% of all recovered bones, followed by S208, where it
accounts for 10% of all bones (Figure 3.10a). S103 has the widest range of antler fragment sizes
and the largest fragments (Figure 3.11a). The most tightly distributed and smallest fragments are
found in S101. Fragment size distributions in S202, S208 and S404 are intermediate between the
two, as are their mean and median values. The sample size for S102 is too small for fragment
size analysis. Twenty-nine tools were identified in ENH; 18 of which are made of antler (Figure
3.10b). Antler tools, along with tool blanks (n=33), are most common in S204, where they
comprise 20% of all recovered bones (Figure 3.10b). Antler tools were found in lower
frequencies in S101, S202, S203, S208, and S404. One tool was also found in S401/1 and two
others were recovered from S401/2. Differences in the spatial distribution of unmodified antler
and these modified specimens are statistically significant (χ2 [15, N=371]=148.52, p<.001),
indicating that antler raw materials and tools are concentrated in different contexts.
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Figure 3.7. a) cattle, caprine, and deer abundance, numbers at the top of each bar are the total number of ungulate
bones in each neighborhood; b) cattle, caprines, and deer body part representation by neighborhood. All measured are
based on the number of identified specimens (NISP).
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Figure 3.8. Cattle, caprine, and deer abundance in ENH (a) and CNH (b), based on the number of identified specimens (NISP).
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Figure 3.9. Deer body part representation in ENH (a); and cattle body part representation in ENH (b) and CNH (c). Black = antler/horncore, grey = head, white =
body. The first bar of each graph—the “ideal”—indicates the proportion of the three body-parts in a complete animal carcass. Numbers at the top of each bar are
total deer or cattle bones in each context.
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Figure 3.10. Percentage of a) unmodified antler in ENH; b) antler tools in ENH; c) cattle horncore in ENH. Percentages are derived by dividing the number of
identified specimens for each category (e.g. unmodified antler) in a space or structure by the total number of identified bones (NISP) in that context; numbers at the
top of each bar indicate the total NISP for each context.
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Figure 3.11. Fragment size distribution of antler in ENH (a) and horncore in ENH and CNH (b).
NISP values reflect the number of fragments measured for each context.
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Cattle is present in all 12 ENH contexts but does not dominate any of them (Figure 3.8a).
Horncore is the most common cattle body part in S208, S209, and S404 (Figure 3.9b), where it is
also more highly concentrated (Figure 3.10c): horncore comprises 6–16% of all recovered
remains in these contexts compared to, 0–2% in other contexts. More abundant large fragments
in S208 produced a wider and more skewed size distribution of fragments (Figure 3.11b).
Fragment size distribution was much tighter, and mean values were much lower in S209. Size
distribution and mean values are intermediate in S404. Cattle is also present in all five CNH
contexts, but it is the most common taxon only in S306 (Figure 3.8b), where its horncore is the
most common bone (Figure 3.12a) and most abundant cattle body part (Figure 3.9c). Horncore is
also present in lower concentrations in S303 and the Public Space. Sample size is only large
enough for fragment size analysis in S306, so comparison between contexts within CNH is not
possible, but mean and median fragment sizes in S306 are lower than in S209 (Figure 3.11b).
CNH contains 27 bone tools, 23 of which are made of bone, not antler. Bone tool frequency is
highest in the Public Space and S302, where they respectively comprise 4% and 2% of all
identified bones (Figure 3.12b). One bone awl was recovered from S301, and two others were
found in S306. Statistically significant differences in the spatial distribution of horncore and
tools (χ2 [4, N=62]=58.95, p <.001), suggest that they were each part of two different processes.

3.6 Discussion
Concentration of antler tools and tool blanks in S204 and the presence of antler tools in
S202, S203, and S401 (ENH IV–V) suggest that these structures were primary manufacturing
areas. The specific type of objects manufactured in these areas will be discussed below. This
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confirms previous observations based on abundant contextual and artifactual evidence for
manufacturing activities in some of these structures (Alizadeh et al., 2018). This is also true of
S502 (WNH), where four bone awls were found in association with a similar suite of workshop
related features and artifacts. The association of these antler and bone implements with
contextual and artifactual indicators such as pyrotechnological installations, stone tools, and bead
blanks are discussed in the next section.

Figure 3.12. Percentage of a) cattle horncore in CNH; b) bone tools in CNH. Percentages are
derived by dividing the number of identified specimens for each category (e.g. unmodified cattle
horncore) in a space or structure by the total number of identified bones (NISP) in that context;
numbers at the top of each bar indicate the total NISP for each context.
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Among the other, non-manufacturing structures, concentrations of unmodified antler and
horncore, as well as antler and horncore fragment size distribution and skewness values, indicate
that there were storage and waste disposal areas. S102 and S103 (ENH IV–V) contained a high
concentration of unworked antler, including several large pieces. Low concentrations of other
body parts, and an absence of features, tools, and other notable artifacts in these “empty”
structures, suggest that they were primarily used for storing antler raw materials.
Evidence from S101 (ENH IV–V), S209 (ENH III), and S306 (CNH) suggests that these
spaces were used as waste dumping areas. S101 contained a high density of small unmodified
antler and antler blank fragments, while S209 and S306 contained a high concentration of
fragmented cattle horncores. In each case, finds were intermixed with thick secondary deposits
of ash from oven clean-ups. Numerous slags and broken crucibles were also found in S101 and
S306. Open spaces S403 (ENH IV–V) and S510 (WNH) likely played similar roles as waste
dumps, because each contained a broken bone tool and several small antler fragments in
secondary ash deposits.
Interpretations of the functions of S404 (ENH IV–V), S208 (ENH III), and S505 (WNH)
are tentative because of limited archaeological exposure. In all three, the absence of waste debris
like ash and slags rules out their use as waste disposal areas. S505 contains only six unmodified
antler specimens. The absence of manufacturing-related features, and tools and blanks suggest
that S505 was a storage unit. Intermediate antler fragment sizes for S208 and S404, intermediate
horncore fragment size for S404, and the presence of a few antler tools in S404 and S208 suggest
that they may have been manufacturing areas. However, like S505, the absence of workshop-
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related features, along with high concentrations of unworked antler and cattle horncore are more
indicative of storage areas. Certainly, these spaces could have been used for both storage and
manufacturing.

3.6.1 Workshop Activities
ENH IV–V features two antler storage units (S102, S103), two dumping areas (S101,
S403) that contain antler debris, and several manufacturing units. S202–S204 were most likely
mixed manufacturing areas where a range of production activities took place, including weaving
and textile production. Twelve of the 18 antler tools in ENH are concentrated in S202–S204 and
resemble fragments of long weaving needles, possible shuttle bobbins, and a spindle shaft
(Figures 3.13a–b). Needles can range between 2–5mm in diameter, and between 70–100mm in
length (McCafferty and McCafferty, 2008). The bobbins are pointed on both ends and lack
flanges, which suggests that they were incorporated into shuttles that carry threads of weft yarn
when weaving with a loom (Andersson Strand, 2012). Additional evidence for textile production
includes a conical spindle whorl made of a cow femur head (S202) (Figure 3.13g). Several
artifacts from S101, which resemble clay tokens and may have been used as such, could also
alternatively have served as possible loom weights (Alizadeh et al., 2018), such as those seen at
Arslantepe (Frangipane et al., 2009). The length and girth of needles and bobbins, and the size
and weight of spindle whorls depend on the type of fabric and the method of weaving. The
spindle whorl found in S202 is broken and so could not be accurately measured, but its small size
(c. 25mm radius) and light weight (19.2g) suggest that it was best suited for working with a
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loosely spun animal or plant fabric (Frangipane et al., 2009). The small size and gracile build of
the possible bobbins and needles supports this observation.
In addition to antler tools, six bone awls were also found in ENH IV–V, two of them in
S401/2. Striations around the circumference of the awl tips were most likely created by
perforation (Figure 3.13e). The association of these awls with soapstone beads and bead blanks
suggests that bead-manufacturing took place in S401/2. 401/2’s twin structure S401/1, lacked
any direct evidence for textile or bead production. Both had similar pyrotechnological
installations, but S401/1 also contained several ceramic tuyeres, numerous large and heavy stone
implements and hammerstones, and a copper awl. Aside from one small and flat antler
implement, S401/1 does not contain any bone or antler tools. This, and the fact that access from
S401/1 to antler storage unit S103 was blocked by the internal subdivision between the twin
facilities (Figure 3.4), may suggest specialization in space and activities in the two halves of
S401 using different tools and raw materials. The nature of activities at S401/1 is unclear, but
given the abundance of steatite beads in other workshop areas, I hypothesize that it could have
been used for processing steatite ore to make synthetic enstatite beads. The manufacture of
synthetic beads requires that steatite powder be rendered from ore using large heavy
hammerstones. The powder is then turned into paste by exposure to a fire at least 1000 degrees
Celsius. The paste is cooled and shaped into tubes that are cut into beads (Bar-Yosef Mayer et
al., 2004).
In WNH, S502 contains large heavy hammerstones, ceramic tuyeres, and a
pyrotechnological installation that resemble those in S202 and S401. Yet, the low concentration
of antler in WNH suggests that antler was not central to its activities as it was in ENH IV–V.
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However, evidence for the production of soapstone and steatite objects is most prominent in
WNH. S502 contains several bone awls with perforation use wear on their tips (Figure 3.13c),
found in association with several perforated soapstone beads and bead blanks, as well as a tubeshaped steatite bead blank (Figures 3.14a–b). A fine miniature container (Figure 3.14c), possibly
of steatite, provides another glimpse into the types of goods manufactured in S502.
Antler is also nearly absent in CNH, where a large number of bone awls were found.
Horn-working was the dominant activity in CNH. Sheath removal may have taken place in S303
and the Public Space, where some large horncore pieces and several smaller fragments including
one with basal cutmarks (Figure 3.13h) were found. Horn-working waste was then removed and
deposited in S306. In addition to bull horn, one mouflon and nine bezoar horncore fragments
were also identified in S303, S306, and the Public Space, including one with basal cutmarks
(Figure 3.13i). How the bone awls, most of which are made of sheep-goat ulna (Figure 3.13d)
related to horn-working is unclear. They are likely reflective of two different manufacturing
processes. The bone tools were primarily used and discarded in and around the Public Space,
including in S301 and S302, where ceramic vessels most resemble kitchenware, and where a
groundstone quern in S302 suggests a domestic function (Alizadeh et al., 2018). Thus, the bone
tools may relate to domestic activities taking place around the Public Space.

3.6.2 Specialization and Labor
In ENH IV–V and in WNH, two centrally-located manufacturing units with curvilinear
outlines (S401 and S502) are surrounded by several contiguous satellite structures and spaces
(Figures 3.4 and 3.5). Some of these are smaller and more amorphous than the manufacturing
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Figure 3.13. a) double-pointed antler bobbin (S204); b) antler spindle shaft fragment
(S202); c–e) bone awls respectively from S502, S302, S401/2; f) antler shearing comb
(S208); g) bone spindle whorl (S202); h) bull horncore with cutmark (S303); i) goat
horncore with cutmark (Public Space).
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Figure 3.14. a–b) bead and bead blanks (S502); c) miniature container (S502).

102

units and include storage unit S103 and waste disposal areas S403 and S510. The quasi lotusshaped layout of these manufacturing units suggests that they formed independent and selfcontained workshop clusters. Likewise, the curvilinear storage/manufacturing facilities of S404
(ENH IV–V) and S505 (WNH) are not attached to the S401 and S502 workshops, and thus may
have been part of separate clusters. Many such clusters— as yet unexcavated—may exist in the
citadel given the widespread pyrotechnological signal of a geophysical survey (Alizadeh et al.,
2018).
Other workshops and related structures were also present in ENH IV–V. These include
three rectilinear manufacturing areas (S202–S204), two antler storage areas (S102, S103), and a
waste disposal area (S101). S202 is separated from storage units S102 and S103 by S201. S201
has a unique mud-brick paved floor and is devoid of bones or any evidence of workshop-related
activities, but contains one sealing clay fragment (Alizadeh et al., 2018). Sealing clays are often
interpreted as items for sealing jars of commodities used in trade and exchange. Thus, S201 may
have served an administrative function. This is supported by the numerous possible clay tokens
in S101 which were likely discarded when they lost their functionality (see above for an
alternative function of these objects as loom weights). In S202, several large storage jars lean
against the wall that divides it from S201. Similar juxtapositions of administrative and storage
structures at the sites of Arslantepe VIA and Tepe Gawra, have been interpreted as signs of
control and management of food and craft surplus (Rothman, 2004; Alizadeh et al., 2018).
Possible administrative mechanisms suggest that one area of control was the specialized
production of certain craft items. These may have been for exchange, favoring the controlling
group in ENH IV–V.
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The evidence summarized above points to differences in the organization of production in
each workshop unit. Horn-working is a simple task that was enabled by easy access to raw
material, and so required less administrative control and specialized knowledge. Horn-working
was thus practiced in plain sight and among possible residential structures, suggesting that it may
have taken place at the household level. Bead and textile manufacturing on the other hand,
require more control of raw materials, multiple types of tools and steps, and possibly
unsophisticated proprietary knowledge. I have observed important differences in the bone tool
technology between different workshops, the type of objects produced in each, and their
architectural layout. Yet, these workshop areas have certain similarities. All have similar-sized
small pyrotechnological installations, and most of them contain stone beads, small crucibles, and
similar production waste like ash and slags. I suggest that these manufacturing areas represent
mixed workshops in which workers produced a range of possibly similar objects (like beads), as
well as objects unique to certain workshops (like textiles). Despite these similarities, the
organization of production of these objects is different in each cluster. In WNH, the singlechambered layout of S502 suggests that all stages of production were undertaken in the same
place, probably by one or a few artisans who also had direct access to waste disposal areas and
the contents of satellite structures. In ENH IV–V, the internal subdivision in S401 physically
separated two stages of bead production, which suggests producer-level specialization (Costin,
1991). Finally, the rectilinear layout of structures associated with weaving, and their association
with a possible administrative structure indicates the presence of a higher order specialization in
that part of KSH.
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3.6.3 Temporal Continuity
S208 in ENH III is located just underneath S203 and contains several uncut cattle
horncore fragments, and antler needles, blanks, and an antler comb that may have been used to
clean and disentangle fleece (Figure 3.13f) (Andersson Strand, 2012). This suggests that
workshop activities in general, and horn-working and weaving in particular, endured in KSH for
at least three phases of occupation. Similarly, removal of the pyrotechnological installations in
S401 revealed the outline of similar installations from the preceding phase III (Figure 3.4).

3.7 Conclusion
These observations join an increasing body of work that shows that the Kura-Araxes
world was socially and economically diverse. In a period in the ancient Near East when the sheer
size of the archaeological footprint of urbanism in Mesopotamia can dilute evidence for cultural
diversity and variation in the expression of social complexity in the “marginal” highlands, these
observations contribute to a more nuanced narrative of life in the mountains; a life that is clearly
not limited to small-scale farming and herding.
Bone and antler tool analyses support archaeological observations previously made at
KSH and reveal the presence of storage and manufacturing activities in structures whose
functions were heretofore unknown because of limited archaeological exposure or the absence of
artifacts and features. When multiple lines of evidence are combined, there is support for
production specialization and organized labor at the town of KSH. Production at KSH can best
be described as a community-level craft economy characterized by workshop clusters, each
worked by small groups of artisans. Differences in architecture and raw material preferences, and
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the spatial proximity of workshops producing similar types of crafts, suggest that these may be
independent production clusters. This observation, combined with the presence of similar
pyrotechnological installations and production waste across several workshops, and the absence
of state-level complexity and social hierarchy among neighborhoods inside the excavated areas,
suggests that the social organization of craft production inside the citadel was primarily
horizontal.
The organization of craft production at KSH is perhaps most similar to what Frangipane
calls a “vertical egalitarian system” (Frangipane, 2007), in which egalitarian and selfreliant community social structure comes with the legitimization of privileged status for certain
individuals who coordinate labor-intensive, time-consuming, and community-level activities
(Rothman, in press). Coordination of labor would have also been critical for the implementation
of other major community-level projects at KSH, including construction of the wall (Alizadeh et
al., 2015) and the spoke-and-wheel “town planning” of the site (Figure 3.3). Rothman argues that
the reconfiguration of social and economic structure of Kura-Araxes economies after 2900 BC
(Phases IV–V at KSH), necessitated a degree of coordination that may have been unwarranted in
earlier Kura-Araxes societies; whose social structure may best resemble Frangipane’s “horizontal
egalitarian systems” (Frangipane, 2007; Rothman, in press).
Frangipane’s classifications provide a model for investigating pre-ranked societies.
However, evidence of craft production activities also exists outside the fortification wall
(Alizadeh et al., 2018). Assuming that at least part of the final occupation of the outer town was
contemporaneous with phases IV–V of the citadel, a ranked relationship between artisans
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working and residing under the protection of the wall, and those living in the outer town could
have existed. Further excavations outside the wall are necessary to test this hypothesis.
Regardless of whether the areas on the two sides of the wall reflect a ranked social
structure, evidence from inside the citadel strongly supports community-level craft production.
This evidence raises the question about the organization of food production at KSH. Given that
craft production was dependent on access to bone tools and included textile production, it is
imperative to explore whether the organization of craft production and herd management
strategies at KSH were connected. I turn to the subject of herd management strategies at KSH in
the next chapter.
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Chapter 4 – Animal Husbandry and Food Provisioning at the Kura-Araxes Settlement of
Köhne Shahar in Northwestern Iran

4.1 Introduction
This paper investigates animal herding and food provisioning strategies at the KuraAraxes settlement of Köhne Shahar in the highlands of northwestern Iran using faunal remains.
The Kura-Araxes cultural tradition of the fourth and third millennia BC was one of the most
geographically extensive archaeological horizons in prehistoric Southwest Asia (Rubinson and
Smith, 2003; Sagona, 2014). This distinctive tradition first emerged in the South Caucasus in the
mid-4th millennium BC (Kura-Araxes cultural Phase I; 36/3500–3200 BC) (Rothman, 2005;
Sagona, 2014). By the late 4th–early 3rd millennium (KA II, 3200–2800 BC), it had spread well
beyond the South Caucasus—north into the southern edges of the Eurasian steppe, south into the
highlands of the Central Zagros Mountains and along the edge of the Iranian central plateau, and
west into the mountains of eastern Anatolia (Kohl, 2009). By KA Phase III (2800–25/2400 BC),
Kura-Araxes pottery is found as far west as the southern Levant, where it is also known as
Khirbet-Kerak Ware (Figure 1.1) (Greenberg et al., 2014; Rothman, 2015).
Scholars agree that animal husbandry was foundational to Kura-Araxes economies
(Burney and Lang, 1971; Kushnareva, 1997; Rothman, 2003a, 2005; Kohl, 2007, 2009). Because
of the ecological diversity of site locations ranging from lacustrine and coastal settings and
alluvial river valleys in lower elevations to extreme alpine environments, high diversity in the
subsistence economies is expected, particularly with regards to herding strategies, ranging from
year-round management of animals in permanent settlements, to the more mobile types of
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pastoralism such as nomadism and transhumance. Because of the rarity of zooarchaeological
studies in the region, characterization of Kura-Araxes animal husbandry strategies has been
difficult. Many interpretations have depended on indirect proxies that often denote some type of
mobile pastoralism. These proxies include the presence of sites in alpine elevations, thin cultural
deposits, flimsy architecture, and widespread geographic distribution of Kura-Araxes material
culture, including across “marginal environments” that today are home to several groups of
nomadic who traverse the landscape seasonally in search of pastures (Burney and Lang, 1971;
Tapper, 1979; Sagona, 1984; Kiguradze and Sagona, 2003; Rothman, 2005; Frangipane and
Palumbi, 2007; Palumbi and Chataigner, 2014; Wilkinson, 2014). Although these indirect
archaeological and ethnographic indicators are important for reconstructing narratives of KuraAraxes economies, detailed zooarchaeological studies provide direct evidence of the most
fundamental aspects of the animal economy: which animals and products were routinely
exploited, and how they were accessed, prepared and distributed. Understanding the true nature
and organization of herding practices and animal product exploitation and distribution are
foundational for recreating the social and economic organization of Kura-Araxes communities.
The small number of published reports that do exist suggest that Kura-Araxes people
practiced a range of different mobility and herd management strategies for sheep, goat, and
cattle. Sedentary village-based practices and combinations of sedentary and seasonal mobile
pastoralism were common in areas that could support year-round habitation, such as the Kura
and Araxes river valley and fertile high inter-montane plains (Piro, 2009; Siracusano and
Bartosiewicz, 2012; Badalyan et al., 2014; Mohaseb and Mashkour, 2017; Piro and Crabtree,
2017; Samei, 2017; Crabtree and Piro, in press). Other strategies may have also been used,
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though the supporting evidence is more equivocal. These include full-time mobility, and
specialized pastoralism of sheep and goat in high elevations in the Zagros Mountains and the
Lesser Caucasus Mountains (Piotrovski, 1964; Gopnik and Rothman, 2011) focused on the
production of secondary products like wool. Because published zooarchaeological studies are
limited, every new faunal report plays an important role in refining current interpretations of
animal husbandry practices in the Kura-Araxes world.
This paper focuses on two fundamental aspects of the animal economy of Köhne Shahar:
herd management and food provisioning strategies. I ask a number of questions including: What
types of animals were herded at Köhne Shahar? What kinds of animal product(s) were exploited?
What role did hunting play in subsistence? How were the residents of Köhne Shahar provisioned
with food? Did residents, particularly those who worked in the craft production workshops that
were discussed in Chapter 3, raise their own herd animals for their own immediate consumption,
or did they acquire meat indirectly, from more specialized herders or a third-party food
distribution center?

4.2 Herd Management and Food Provisioning
Herd management and food provisioning strategies provide key insights into the social
and economic organization of a community. As food producers, herders aim to optimize
production by maximizing output and/or reducing risks (Dyson-Hudson and Dyson-Hudson,
1980). Risk reduction strategies entail extensive management of diverse species in small herds
and exploitation of a range of products, including meat and various secondary products like milk,
fleece, and labor (Redding, 1981, 1984). This strategy is commonly used among agropastoral
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communities practicing a mix of farming and herding. In contrast, output maximization requires
full-time investment in the maintenance of larger herds composed of one or two specific species
and surplus production of specific goods for consumption and exchange (Redding, 1984;
Wapnish and Hess, 1988; Zeder, 1991; Crabtree, 1996; Halstead, 1996; Greenfield, 2010).
Food provisioning refers to the mechanisms of food distribution within a community
(Crabtree, 1990; Zeder, 1991). Indirect provisioning is a complex distribution system in which
food produced by herders is distributed to consumers through a third-party apparatus, like a
governmental, community, or administrative bureaucracy. Indirect provisioning is a common
way of distributing food in complex societies that produce some non-food services and objects
such as craft goods, and practice some degree of specialized food production (Atici et al., 2014).
In contrast, direct provisioning refers to the distribution of meat to residents by herders. This is
most common when consumers and producers are members of the same social unit (e.g.,
household), or when consumers and producers interact with one another directly (deFrance,
2009; Arnold et al., 2018). Direct provisioning may be found in complex societies, and it is the
primary means of food distribution among agropastoral communities in which households are
largely self-sufficient.

4.3 Köhne Shahar
Köhne Shahar (hereafter KSH), is a 15-ha site located at about 1900 m asl in the
highlands of the northwestern Zagros Mountains (Figure 3.1). The site consists of a fortified
citadel that extends across a 250 m2 area, an extramural “outer town,” and a cemetery (Figure
3.2). The stratigraphic relationship between these three areas remains unknown, but architectural
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and ceramic analyses show that all three belong to the Kura-Araxes tradition (Alizadeh et al.,
2015). The citadel sits atop a natural basaltic promontory, 15–20 m above two seasonal river
valleys that flank its eastern and western sides. To its north, the citadel is separated from the
outer town and the cemetery by a large defensive wall (Alizadeh et al., 2015). Between 2012 and
2014, one deep 2×6 m sounding and five 10×10 m horizonal trenches were excavated inside the
citadel (Figure 3.3). The deep sounding (TT1), which was placed in the northwestern corner of
the citadel along the southern façade of the defensive wall, exposed cultural deposits up to 2.5 m
in depth. These deposits consisted of five distinct phases of occupation (numbered I through V
from oldest to newest) that include architectural remains and midden deposits rich in bones. Two
radiocarbon dates obtained from Phases III and V fall between 2900 and 2700 cal. BC (Alizadeh
et al., 2018). From these dates, it is inferred that the occupation of the earliest layers in the
citadel occurred during the last centuries of the 4th millennium BC, while the occupation of the
final phases likely occurred during the mid-3rd millennium BC. These dates, along with
architectural style, and the surface decorations and stylistic composition of the ceramic collection
suggest that Phases I–III correspond with KA chronological Phase II (3200–2800 BC), while
Phases IV–V were occupied in KA Phase III (2800–25/2400 BC) (Alizadeh, 2015)
A thin, disturbed cultural layer also dating to the Kura-Araxes tradition lies on the
present-day ground surface within the citadel. We did not detect this layer in our excavations.
Nevertheless, it is assumed that a sixth architectural phase is present in the citadel and will be
better understood following future excavations. The discovery of these foundations by a German
survey team in 1979, motivated the initial mapping of the citadel’s final phase (Kleiss and Kroll,
1979), revealing several discrete neighborhoods divided by radial alleyways leading to a central

112

plaza (Figure 3.3). Bone preservation was extremely poor in this disturbed layer, likely due to its
proximity to the ground surface; bones in this layer were more susceptible to diagenesis, grass
root activity, the burrowing activities of rodents and wild boar, and trampling by herds of sheep
and goat.
Rich deposits dating to Phases V and IV were found beneath the disturbed surface
deposits. The horizontal trenches exposed these deposits in three of the neighborhoods,
heretofore designated as the eastern (ENH; trenches 12J21, 13I5, and 13J1), central (CNH;
trench 12I8 and sounding 12I13), and western (WNH; trench 12H25) neighborhoods (Figure
3.3). These neighborhoods consisted of numerous round and rectilinear structures and extramural
common spaces, the majority of which contained primary and secondary evidence for craft
production, including storage units, manufacturing areas, and trash dumps (Alizadeh et al.,
2018). Interspersed in between these areas are deposits and structures associated with possible
domestic activities.

4.4 Methods
4.4.1 Taxonomic Assignment of Herd Animals
Details of the excavation methods and data recording and identification strategy were
presented earlier in Chapter 3. Relative taxonomic abundance is used to evaluate the significance
of various herd animals to the subsistence economy of KSH (Table 4.1). First, I consider the
relative abundance of each domestic taxon—cattle (Bos taurus), caprids, and pigs (Sus scrofa)—
by calculating their percentage of all domestic fauna. The caprid category combines both wild
and domestic specimens identified to sheep (Ovis sp.), goat (Capra sp.), and Caprinae. Because
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the large and small/medium ungulates that have been assigned to species are primarily comprised
of cattle (80.1%) and caprids (97.7%) respectively, the cattle bones are combined with large
ungulates and caprids with small and medium ungulates in this study. Combining body-size and
specific categories is important for maximizing sample size and ensures that the full range of
skeletal elements are included for the body-part profiles. Relative abundance is calculated using
the number of identified specimens (NISP).
Second, I present a sheep to goat ratio calculated using only specimens identified to genus
and species. Wild sheep and goat specimens are undoubtedly also included in this analysis,
because only a few body-parts can be reliably distinguished as wild or domestic. Following the
typical convention, the sheep to goat ratio is calculated by dividing sheep NISP by goat NISP
(Redding, 1984; Arbuckle et al., 2009).

4.4.2 Role of Hunting in Human Diets
Wild taxa provide an alternative source of animal products whose exploitation does not
deplete the capital of domesticated species. At KSH, wild taxa are represented by carnivores,
birds, and ungulates, including the wild forms of domestic herd animals. Because antler and
horncore were cached at the site for important craft production activities (Chapter 3), and are
often fragmented, their abundance is likely inflated in NISP analyses and thus they are excluded
from the wild animal abundance analyses. Four measures are used to assess the contribution of
wild animals (Table 4.1). The first measures the percentage of wild taxa out of all identified
specimens in the assemblage (based on NISP).
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The second calculates the percentage of the three broad categories of wild animals
(ungulates, carnivores, and birds) out of all wild taxa, and the third investigates the relative
percentage of taxa represented within each of the wild ungulate, carnivore and bird categories.
Fourth, the role of wild sheep and wild goat is established by calculating their percentages out of
all sheep and goat specimens that could be securely identified as wild or domestic based on
diagnostic body parts such as horn cores, and first and second phalanges (Boessneck, 1969; Hole
et al., 1969: 271–280). Finally, the Log Size Index (LSI) is used as an additional line of evidence
to support the character identifications of wild versus domestic sheep and goat. The LSI
compares bone measurements with a standard animal to combine measurements from multiple
bone elements. The LSI value for each individual bone measurement is calculated following
Meadow (1999: 289):

LSI = log (x/m)

Where x is the dimension of the archaeological specimen and m is the corresponding measure
from a standard animal. Specimens with similar LSI values are binned together and presented in
a bar chart. In the chart (Figure 4.4), 0 represents the standard animal, with LSI values greater
than 0 representing animals larger than the standard and negative LSI values representing
animals smaller than the standard. The LSI allows measurements on different elements to be
combined to create a distribution of a population’s body-size when samples sizes are small
(Meadow, 1999). Standard measurements for sheep and goat are from Uerpmann and Uerpmann
(1994). The sheep standard is a modern wild adult female from western Iran, and the goat
standard is derived from the averaged values of a modern wild male and female individual from
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Table 4.1. List of analyses and their corresponding methods and measurements.
Analysis

Methods

Measurement

Taxonomic composition
of herds

1. Percentage of cattle, caprids, and pigs of all domestic ungulates
2. Ratio of sheep to goats
1. Percentage of wild animals of total finds
2. Percentage of three broad categories of wild animals (ungulates, carnivores,
and birds) of total wild animals
3. Percentage of taxa represented within each broad category of wild animals
4. Percentage of wild sheep and wild goat of all domestic and wild sheep and
goat
1. Survivorship curve based on long bone fusion
2. Mortality profiles based on tooth eruption and wear stages
1. Body part profiles
2. Percentage of cutmarked specimens of all specimens
3. Percentage of cutmark types of all cutmarked specimens
4. Kernel density maps of cutmark locations

1. NISP
2. NISP
1. NISP

Role of hunting
in diet

Management goals

Food provisioning
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2. NISP
3. NISP
4. NISP and LSI
1. MNE
2. MNE
1. MNE and NISP
2. NISP
3. NISP
4. ArcGIS

Turkey. Only one depth or breadth measurement from each measurable specimen is included in
the LSI calculations. Elements include complete long bones epiphyses, the astragalus, calcaneus,
and the first phalanx. These measurements were taken following guidelines established by von
den Driesch (1976).

4.4.3 Management Goals
Herd production goals are identified by determining the age and sex composition of the
domestic herds. Herd demographic structure is examined using two independent, but
complementary analyses: survivorship curves based on long bone fusion, and mortality profiles
based on mandibular tooth eruption and wear sequences (Table 4.1). Both methods are
constructed using the minimum number of elements (MNE).
The epiphyseal fusion of the limb bones occurs in a predictable sequence that culminates
when growth ends and an animal reaches full body-size. To measure survivorship, epiphyses that
fuse at similar ages are combined into groups. The percentage of fused and fusing bones in each
category represents the percentage of animals that survived past the age stage. Survivorship
curves are constructed following published fusion sequence protocols: Grigson (1982) for cattle
and Zeder (2006) for caprids (Appendices A.2–4). A major limitation of survivorship curves is
that the final age class (36–42 months for caprids, 42–48 months for cattle) is based solely on the
fusion of the proximal humerus, which preserves poorly, and thus survivorship in this final age
class often suffers from small sample sizes.
Unlike bone fusion, tooth wear continues throughout an animal’s life, and so can be used
to monitor human use of animals well beyond the age at which bone fusion stops. Tooth eruption
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patterns also provide better resolution for animals less than 12 months in age. Because
mandibular teeth erupt and wear in a predictable sequence, the age at death of animals can be
estimated to create mortality profiles that depict the percentage of animals that died at a
particular age stage. Mortality profiles for sheep and goat are constructed with complete
mandibles, mandibular fragments, and loose teeth, using Payne’s (1973) stages of eruption and
wear (Appendix A.5). Loose teeth, whose wear stages fall into more than one age class, are
assigned to a specific age class using Payne’s (1973) system of proportional allocation. The
analytical power of mortality profiles is reduced at older ages when wear stages are much longer.
Factors such as diet and environmental stress may also impact the timing of tooth eruption and
wear (Reitz and Wing, 2008). These confounding variables make mortality profiles for cattle
especially difficult to interpret, because the existing protocol (Grant, 1982) (Appendix A.6) does
not correlate eruption and wear stages of mandibular teeth with ontogenetic age.
Mortality and survivorship patterns are interpreted through comparison with
ethnographically-derived ideal age-sex models for specialized production of meat, milk, wool,
and labor; or extensive exploitation of animals intended to maximize herd security (Payne, 1973;
Sherratt, 1983; Redding, 1984). Milk exploitation is characterized by large culls of male caprids
and cattle in the first 12 months of life, while efficient meat exploitation culls most male caprids
in the second and third years of life and cattle in their third and fourth years. In contrast, wool
and labor exploitation require that animals, including some male individuals be kept alive well
into adulthood, thus producing an older mortality profile. Finally, herd security is characterized
by fairly even exploitation of both sexes and various age groups.
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4.4.4 Food Provisioning
Body part distribution and the percentage of butchery marks is used to evaluate how KSH
residents acquired animal products, particularly meat (Table 4.1). The goal is to investigate the
relative representation of high- and low-utility anatomical regions and their constituent body
parts (Table 2.1) in contexts associated with butchery and/or food preparation and consumption
(Crabtree, 1990; Zeder, 1991). Relatively even representation of body-parts is expected if
consumers are supplied through direct provisioning (Zeder, 1991). In contrast, if consumers are
supplied through indirect provisioning, high concentration of low-utility head, neck, feet, and
lower-front limbs are expected in trash deposits formed from butchery waste created by
specialized butchers or food distributors (Binford, 1981; Zeder, 1991). Furthermore, high
concentrations of head and neck parts relative to other low-utility parts may indicate activities
associated with primary butchery (Binford, 1981). This evidence may indicate that residents
undertook butchery activities at specific locations on site, or that specialized butchers processed
meat in particular areas. If residents were provisioned indirectly, low-utility parts should be
under-represented in food consumption areas. Food consumption areas should instead be
characterized by higher-utility axial and limb regions, namely shoulders, haunch, and lower-hind
bones (Zeder, 1991).
Body-part profiles are calculated for cattle (including large ungulates) and caprids
(including medium and small ungulates). In the temporal analysis (see the next section), these
profiles are constructed using %survivorship of individual elements (Lyman, 1994). To
determine %survivorship, the minimum number of elements (MNE) is calculated based on the
most commonly represented element portion. Element portions were recorded using Stiner’s
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system (2004) by classifying distinct morphological and features on bones. MNEs are
standardized by dividing them by the number of times the element is represented in the body, to
produce a Minimum Anatomical Unit (MAU) for each element. The MAU is then divided by the
MNI (the largest MAU from all elements) and multiplied by 100% to calculate %survivorship
for each element (Lyman, 1994). Because of small sample sizes in the individual neighborhoods,
individual elements are collapsed into anatomical regions based on standardized NISP (NISP
divided by number of times element is represented in the body) or MAU values. NISP has been
shown to provide a meaningful measure of elemental representation (Grayson and Frey, 2004).
The anatomical regions are defined by slightly modifying Stiner’s (2004) regions, to include
head, neck, axial skeleton, shoulder, lower-front limbs, haunch, lower-front limbs, and feet (see
Stiner, [1994: 242] for a visual representation). Teeth and horncore are removed from the head
category—teeth because they have significantly greater mineral density than bone and are thus
more likely to preserve in archaeological sediments (Stiner, 1994) and horn core because they
are often cached for secondary usages.
Three categories of butchery data were recorded: 1) the frequency of cutmarks, 2) the
cutmark type (see below), and 3) the cutmark location. The percentage of cutmarked bones is the
percentage of specimens with at least one cutmark out of all recovered specimens. Five
categories of cutmark types include: head removal, tongue removal, skinning, dismemberment,
and filleting (Binford, 1981). Head removal is indicated by cutmarks at the base of the skull, and
the articulations of the atlas and axis vertebrae. Tongue removal is represented by cutmarks on
the mandibles. Skinning marks are most common on phalanges, the distal articular end of
metapodials, and the cranium. Dismemberment marks are small nicks on carpals, tarsals, and on
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the articular end (epiphysis) of long bones. Filleting cuts consist of long slices located in the
midshaft area (diaphysis) or smaller nicks on or around attachment scars on the metaphysis
(Binford, 1981; Lyman, 1994). The relative contribution of each cutmark type is presented as the
percentage of each type out of all cut specimens, calculated using NISP.
Specimens exhibiting more than one type of cutmark are counted multiple times, once for
each type. Cutmark location on long bones is recorded manually using ArcGIS (student version
10.3.1). The location of each individual cutmark is entered as a single layer file on a
photographic raster template of a complete bone, which creates a composite record of cutmark
distributions for each body part (Abe et al., 2002; Parkinson, 2013) (templates courtesy of Curtis
Marean and Jennifer Parkinson). For body parts that are found in pairs the ArcGIS layer files
include two templates, one for each side, and so only cutmarks of specimens that could be sided
as left or right were recorded in this manner. Each individual entry was linked to a database table
in which specimen ID, cutmark length, and other qualitative characteristics are entered. For each
element, the Kernel Density tool of the Spatial Analyst extension is used to examine spatial
patterning across different parts of an element (Parkinson, 2013) (Appendices A.7–8).
Butchery patterns are analyzed for cattle and caprids. Because household butchers are not
expected to have the experience typical of specialists, direct provisioning should result in a
higher percentage of cut bones and a higher degree of variability in cutmark locations (Zeder,
1991; Atici et al., 2014). Cutmarks are expected to result from all stages of the butchery and
consumption, including head removal, dismemberment, filleting, and skinning. Indirect
provisioning should show more standardization and expertise in butchery, reflected in lower
percentage of bones with cutmarks, and a higher degree of specificity in cutmark location.
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4.4.5 Scales of Analysis
I analyze the data to investigate both temporal and spatial patterning at KSH. First, I
combine data from the deep sounding and horizontal excavations by occupation phase to
examine changes in subsistence strategies through time. Temporal analyses focus on herd
management strategies, particularly the types of animals herded, the role of hunting, and the
types of animal products exploited in each period of occupation. Second, I group our data
spatially by neighborhood to investigate spatial variation across the site. These analyses are
limited to Phases IV and V since the earlier phases are found only in a limited part of one
neighborhood. Whenever sample size in the individual neighborhood permits, the spatial
analyses focuses on food provisioning, inter-neighborhood relationships, and the link between
food provisioning strategies and craft production activities at the site.

4.5 Results
In total, 6022 specimens were identified from all phases of occupation. Most of these are
from Phase V (39%) and Phase I (30%) (Figure 4.1). Because structural and ceramic finds in
Phases I–III and IV–V correspond to key architectural and stylistic features that are used to
differentiate between Kura-Araxes chronological Phases II and III (see above), and because the
stratigraphic boundary between Phases IV and V is not clearly distinguishable in the horizontal
trenches, I combine the data for Phases I–III into a Lower Horizon and Phases IV–V into an
Upper Horizon in our analyses.
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Figure 4.1. Percentages of all finds from each individual architectural phase based on the
number of identified specimens (NISP). This does not include specimens from a small context in
TT1 (NISP=83) with mixed Phase IV and V material.

4.5.1 Taxonomic Abundance of Herd Animals
Caprids are the dominant ungulates in both horizons (69–79%), although the relative
contribution of cattle and pig increases from 18% and 0.4% respectively in the Lower Horizon to
22% and 2% in the Upper Horizon (Figure 4.2a). The sheep-goat ratio in the Upper Horizon is
0.8:1, down from 1.8:1 in the Lower Horizon (Table 4.2). These values are reflected in the
taxonomic abundance values of individual neighborhoods exposed in the horizontal excavations
(Figure 4.3a, Table 4.2). Caprids account for 61–71% of the ungulates in the neighborhoods.
Unlike in ENH III, which has a sheep:goat ratio of 1.8:1, goats are more prominent in the Upper
Horizon neighborhoods of CNH and ENH IV–V, where sheep-goat ratios are 1:1 and 0.7:1
respectively.
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4.5.2 Taxonomic Abundance of Wild Animals
Wild animals make up 10% of the faunal assemblage in the Upper Horizon compared to
5% in the Lower Horizon (Figure 4.2b). Ungulates account for 70% and 53% of wild animals in
the Upper and Lower horizons (Figure 4.2c). In the Lower Horizon, cervids—primarily red deer
(Cervus elaphus)—and wild caprids account for 47% and 41% of wild ungulates (Figure 4.2d),
down from 52% and 74% in the Lower Horizon. Wild sheep account for only 10% of all sheep in
the Lower Horizon compared to 33% in the Upper Horizon (Table 4.2). In contrast, wild goats
account for 45% of all goats in both horizons. The higher representation of wild sheep in the
Upper Horizon is reflected in the skewness of the distribution in the Upper Horizon and the
larger number of specimens with high LSI values relative to the Lower Horizon (Figure 4.4).
Skewness and distribution of goat LSI data is similar between the two horizons.
Wild taxa contribute more to the Upper than the Lower Horizon neighborhoods (Figure
4.3b). ENH III and WNH data are not reliable due to small sample sizes. Ungulates are the most
dominant wild animals in ENH IV–V (75%) and WNH (58%) (Figure 4.3c). The most prominent
ungulates in these neighborhoods are cervids (51–57%) and caprids (29–38%) (Figure 4.3d).
Wild sheep and wild goat are too rare for meaningful comparison with their domestic
counterparts among neighborhoods. Carnivores make up 58% of the wild taxa in CNH (Figure
4.3c). CNH also stands out for having the highest carnivore richness (n=6) compared to three
taxa each in ENH IV–V and WNH (Figure 4.3e).
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Figure 4.2. Relative taxonomic abundance data plotted by occupational horizon based on NISP: a) cattle, caprids and pigs; b)
percentage of wild specimens out of the total finds in each horizon; c) major classes of wild taxa; d) wild ungulate taxa.
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Figure 4.3. Relative taxonomic abundance data plotted by neighborhood based on NISP: a)
cattle, caprids and pigs; b) percentage of wild specimens out of the total finds in each
neighborhood; c) major classes of wild taxa; d) wild ungulate taxa; e) percentage of deer antler
relative to other body parts; f) carnivorous taxa.
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Table 4.2. The number of identified specimens (NISP) and ratios of major taxa discussed in the paper.
Cattle and caprid NISP include their respective body-size categories. Wild and domestic sheep and goat NISP
are based on diagnostic body parts: horncores and first and second phalanges. Sample sizes for domestic and wild
sheep and goat were too small for inter-neighborhood analyses.

Taxa
Cattle
Caprids
Pigs
All Sheep
All Goats
Sheep:Goats
Domestic Sheep
Wild Sheep
Domestic Goats
Wild Goats

Lower
Horizon
522
2409
14
401
229
1.8:1
82
10
26
22

Upper
Horizon

ENH III

632
1531
48
159
191
0.8:1
43
21
31
25

111
337
2
45
25
1.8:1
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ENH IV-V
219
537
19
52
73
0.7:1

CNH
271
774
25
78
78
1:1

WNH
81
134
2
17
8
2.1:1

Figure 4.4. Sheep and goat Log Size Indices for each horizon calculated following Meadow (1999: 289); based on standards provided
by Uerpmann and Uerpmann (1994). Only one depth/breadth measurement included per specimen. Left: bar graphs include both fused
and unfused specimens; Right: box plots of LSI mean, median, interquartile ranges, minimums and maximums using only fused
specimens. Black dots in the box plots represent the mean.
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4.5.3 Survivorship and Mortality
Caprid survivorship is nearly identical in the two horizons, (Figures 4.5a–b). In both
cases 90% of caprids survived into Stage B (6–12 months). Survivorship then declines to 40% by
Stage E (30–48 months), although the slope of decline is slightly higher in the Lower Horizon.
Although sample sizes are smaller, the survivorship of individual goat and sheep populations
based on bone fusion data reveal some nuanced differences between the two.
Sheep survivorship in the first year of life is nearly identical in both horizons (Figures 4.5
c–d). Nearly all sheep survived their first year, but survivorship dropped to 80% by Stage C (12–
18 months). The only divergence in the two horizons occurs around three or four years of age
(Stage E). These observations are confirmed by mortality profiles based on smaller samples of
teeth (Figures 4.6a–b). The most noteworthy pattern is the divergence in mortality between the
two horizons during and after stage EF, which roughly corresponds with bone fusion stage E. In
the Lower Horizon, mortality is highest in stage D, followed by stages G and a combined stage
HI. Mortality in these late stages suggests that some of the sheep in the Lower Horizon survived
into adulthood. In contrast, mortality in the Upper Horizon is highest in Stage EF (2–4 years),
with very few animals surviving into stages G and HI.
Goat survivorship for the first 2–3 years life is similar for the two horizons (Figures 4.5
e–f). All goats survived the first year, but survivorship declined by 30% in Stage D (18–30
months). Between stages D and E, survivorship dropped more in the Upper Horizon, so that only
41% of goats survived into Stage E, compared to 58% in the Lower Horizon. The tooth wear
data especially between Stages C and G support the survivorship data (Figures 4.6c–d). In the
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Upper Horizon, mortality is especially high (34%) in Stage G (4–6 years), which suggests the
rapid rate of decline in survivorship in this horizon continued after long bones ceased to fuse.
Cattle survivorship is virtually indistinguishable between the two horizons (Figures 4.5g–
h). In both horizons, all individuals survived well into Stage C (24–30 months). Survivorship
then declines, and by Stage D (42–48 months) reaches 60% in the Lower Horizon and 50% in the
Upper Horizon. Although it is based on very small sample sizes, the dentition-based mortality
profiles (Figures 4.6e–f) support these survivorship patterns: the majority of teeth in both
horizons belong to the more advanced stages of wear. These stages do not correspond with
ontogenetic age categories, but they probably belonged to adult and old individuals.

4.5.4 Body Part Representation
The representation of caprid and cattle body parts is similar in both horizons (Figure 4.7).
Neck, axial, and foot elements from both taxa are slightly under-represented. In contrast, head
and limb bones are over-represented for both taxa in both horizons. Cattle shoulder, lower-front,
haunch, and lower-hind elements, are fairly evenly represented, while caprid lower-front bones
are far more common than other limb regions. Some of these patterns are reproduced in crossneighborhood analyses (Figure 4.8). Among Upper Horizon neighborhoods, caprid limb bones
are evenly represented, though lower-front limbs of caprids are slightly more common in CNH
and ENH IV–V. In cattle, the shoulder is consistently overrepresented. Finally, in ENH III cattle
head bones are far better represented than limb bones and are also more common than cattle head
parts in the other Upper Horizon neighborhoods.
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Figure 4.5. Caprid, sheep, goat, and cattle survivorship curves. The caprid category includes specimens identified to sheep, goat, and
caprinae. Caprid, sheep, and goat fusion stages are based on Zeder (2006): A (0–6 months), B (6–12 months), C (12–18 months), D
(18–30 months), E (30–48 months); because of small sample size, age class F (48+ mo) is not included here. Cattle fusion stages are
based on Grigson (1982): A (7–10 months), B (12–20 months), C (24–30 months), D (42–48 months). Sudden changes in survivorship
in Figure c (stage D) and Figure h (Stage C) are most likely due to small sample of fused bones in preceding stages C and B
respectively.
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Figure 4.6. Sheep, goat, and cattle mortality profiles. Sheep and goat tooth wear and eruption
stages based on Payne 1973): A (0–2 months), B (2–6 months), C (6–12 months), D (1–2 years),
EF (2–4 years), G (4–6 years), HI (6–10+ years). Cattle mortality profiles based on Grant’s
(1982) mandibular tooth wear stages.
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4.5.5 Butchery Patterns
The percentage of caprid bones with cutmarks is similar between the two horizons (ca
10–13%) (Table 4.3), as is the distribution of cutmark types across the caprid skeleton (Table
4.3). In both cases dismemberment (31–37%) and filleting (41–50%) marks are most common,
but head removal, tongue removal, and skinning cuts are also present in small amounts. The
range of butchery types is confirmed by the diversity of cutmark placement on the most common
long bones (Appendix A.7): Skinning marks are most common on phalanges and on the distal
epiphysis of metapodials. Dismemberment cuts are common on the distal epiphyses of scapulae,
humeri, and ulnae, as well as the proximal and distal epiphyses of femora and tibiae. Filleting
marks are also abundant along the shaft of all long bones, especially scapulae, humeri, and radii.
Unlike in caprids, there is a significant decline in the percentage of cattle bones from
28% in the Lower to 12% in the Upper Horizon (Table 4.3). A wide range of cutmark types is
also present on the cattle skeleton—dismemberment and filleting are the most frequent (Table
4.3). In the Lower Horizon, dismemberment cuts are 43% of cutmarks on cattle, up from only
18% in the Upper Horizon. Filleting accounts for 69% of cattle cutmarks in the Upper Horizon,
but only 36% in the Lower Horizon. In the Upper Horizon filleting cuts are abundant on the
metaphyses and diaphyses of all long bones, but are common only on scapulae in the Lower
Horizon (Appendix A.8).
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Figure 4.7. Cattle and caprid body part profiles in each horizon based on the minimum number of elements (MNE), standardized
against the frequency of each element in the body. The anatomical regions corresponding to each element are also indicated on the xaxis. Cr: cranium, Md: mandible, At: atlas, Ax: axis, Ce: cervical vertebrae, Th: thoracic vertebrae, Lu: lumbar vertebrae, Sa: sacral
vertebrae, Cd: caudal vertebrae, Ri: rib, Sc: scapula, Hu: humerus, Ra: radius, Ul: ulna, In: innominate, Fe: femur, Ti: tibia, As:
astragalus, Ca: calcaneus, P1: first phalanx, P2: second phalanx, P3: third phalanx, Mp: metapodia.
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Figure 4.8. Cattle and caprid body part profiles from each neighborhood based on the minimum
anatomical units (MAU), standardized against the frequency of each anatomical region in the
body. The body parts are slightly modified from Stiner’s (1994: 242) anatomical regions.
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Table 4.3. Percentage of cattle and caprid bones with cutmarks and percentages of cutmark
types. NISP counts for all cutmarked specimens.

Lower
Upper
Horizon Horizon

Cutmarks
Caprids
Cutmarked Bones NISP
Percentage of Bones with Cutmarks
Head Removal
Tongue Removal
Skinning
Dismemberment
Filleting

244
13

136
10

5
2
6
36
50

4
4
14
37
41

103
30

80
12

5
4
12
43
36

1
5
7
18
69

Cattle
Cutmarked Bones NISP
Percentage of Bones with Cutmarks
Head Removal
Tongue Removal
Skinning
Dismemberment
Filleting
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4.6 Discussion
4.6.1 Herd Composition
The taxonomic composition, survivorship, and mortality data from both horizons at KSH
all point to a herd security management strategy aimed at minimizing fluctuations in herd size,
and the exploitation of a range of animals for a variety of products, including meat, milk,
wool/hair, and labor. In other words, the residents practiced a generalized herd management
strategy. There is no evidence for a specialized animal economy focusing on the surplus
production of specific products such as wool or milk for exchange.
The residents of KSH raised all four domestic animals—sheep, goat, cattle, and pig; they
did not specialize in the herding of any specific animal. Taxonomic diversification is a crucial
risk reduction strategy among generalist agropastoral communities, because a wider range of
behavioral and physiological characteristics better buffers herds against subsistence and
production failure (Redding, 1981; Halstead, 1992; Kuznar, 2001). Taxonomic diversity reduces
the susceptibility of herds to the damaging effects of specific pathogens, or the impact of
environmental stressors such as pronounced fluctuations in water availability or temperature.
KSH residents did not keep the four herd animals in equal amounts, however. They relied
primarily on caprids, followed by cattle, and they kept very few pigs. The greater abundance of
caprids relative to cattle also signals a herd security strategy since these animals have high
reproductive capacities and lower overall management costs (Dahl and Hjort, 1976; Redding,
1981). Caprids are favored over cattle because they reach sexual maturity earlier and reproduce
faster than cattle due to higher fertility rates and shorter generation lengths (Franklin, 1980: 141;
Halstead, 1992). Caprids also have far lower water and feed requirements than cattle and are
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better adapted to the cold and rugged highland zones where access to pastures requires mobility
(Dahl and Hjort, 1976; Zeder, 2003). Thus, although cattle yield much more meat and milk per
animal, the costs associated with their slower reproduction and their higher susceptibility to
sudden changes in water and feed availability outweigh their benefits when herd security is
paramount; caprids provide a more effective hedge against stock loss.
Among caprids, KSH residents relied primarily on sheep in both horizons. In the Lower
Horizon sheep outnumber goats by nearly 2 to 1. A comparison of the relative contribution of
wild sheep and goat based on diagnostic body parts suggests that 10% of sheep and 45% of goats
from the Lower Horizon may have been wild (Table 4.2). If we extend this observation to nondiagnostic parts that could not be reliably identified as either wild or domestic, we can conclude
that domestic sheep were likely far more prominent in the Lower Horizon than indicated by the
conservative 1.8:1 ratio. The 0.8:1 ratio of the Upper Horizon may also be conservative given
that wild sheep and goat are included in the calculation. In the Upper Horizon, the wild
counterparts make up a greater portion of goat bones (45%) than they do of sheep bones (33%)
(Table 4.2). Thus, although it is impossible to determine the wild/domestic status of all animals,
diagnostic body parts and body size data suggest that domestic sheep were probably slightly
more prominent in the Upper Horizon, and so a 1.3:1 sheep-goat estimate may be more accurate.
These adjusted ratios suggest a 50% decline in the percentage of sheep over time, although they
still slightly outnumber goats in the Upper Horizon. Adjusted sheep-goat ratios in the Lower
Horizon fall outside the 1:1 to 1.7:1 ratio expected for an idealized herd security strategy
(Redding, 1981). This higher than expected ratio in the Lower Horizon and the associated
decline in sheep abundance in the Upper Horizon may be explained by a period of increased
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aridity and reduced precipitation at the junction between KA Phase II and III, around 4700 BP
(Arıkan, 2015); though both phases were more arid than the preceding Chalcolithic period
(Ollivier et al., 2016). Sheep are better adapted to cooler and wetter environments than goats,
especially in higher elevations (Khazanov, 1984; Nardone et al., 2006).

4.6.2 Herd Management Goals
Herd security is best served through the generalized exploitation of a variety of animal
products. For sheep and goat, this should manifest as a variety of age and sex groups culled after
the first year of life (Redding, 1981). Conversely, specialized production of wool/hair, meat, or
milk, should be reflected in the exploitation of more restricted and uniform age and sex
categories (Payne, 1973; Greenfield, 1988). With the exception of goats in the Lower Horizon,
very few caprids were culled in the first year of life. In the Upper Horizon, caprid culling was
concentrated between the first and fourth years. Culling these age groups, especially males in
their second and third year, is the most efficient strategy for meat production. At the same time,
the culling of juvenile males does not impede milk production as the female core of the herd
must be protected for reproduction. Maintaining some sheep and goat beyond year four, is
beneficial for reproduction, herd maintenance and access to wool and hair. In the Lower
Horizon, 60% of goats were culled between 6 and 12 months of age. This strategy seems
contrary to a herd security maximization strategy. However, given goats’ poor adaptability to
cold environments, particularly the longer winter season, kidding may be scheduled earlier so
that goats are slaughtered as yearlings in late fall to ensure access to much needed protein and
the maximum possible amount of doe’s milk in the long winter months (Payne, 1973; Halstead,
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1998; Arbuckle et al., 2009). Slaughtering kids at a young age in anticipation of feed shortage in
the winter will also ensure feed access to more valuable breeding and lactating does, lambs and
lactating ewes, and cattle.
Cattle provide a variety of products including meat, milk, and labor. The optimum age to
slaughter cattle for beef is between the third and fourth years of life (Zeder, 1991: 29). This is the
age at which nearly half of all cattle in both horizons at KSH were culled. The other half of the
animals survived beyond the fourth year into adulthood. This pattern supports a generalized
model in which part of the herd is used for meat and part is maintained for labor, either for
ploughing or cartage (Sherratt, 1983; Greenfield, 2010). The importance of cattle in pulling twowheel carts has been a subject of discussion in other parts of the Kura-Araxes world (Greenberg,
2014, 2017). For Greenberg, the co-occurrence of wheels, cattle figurines, and model carts at
Kura-Araxes sites in the Caucasus, Anatolia, and the Levant, suggests that two-wheel ox-carts
may have been an important mode of transportation. This would have afforded the more or less
sedentary agricultural communities with the ability to migrate when necessary without requiring
that they adopt the mobile lifestyle of nomadic and transhumant pastoralists. The use of cattle for
labor often leaves tell-tale pathologies on weight-bearing bones (Bartosiewicz et al., 1997).
Three first and second phalanges from the Upper Horizon contain extensive evidence of
osteoarthritis that may be related to high-intensity labor activities, although these pathologies
may also be due to old age (Figure 4.9).
In summary, there is no evidence for specialized management of any specific animal or
product at KSH. Residents of this site were generalist herders who managed all cattle, sheep and
goat extensively for all of their products. Similarities in herd structure and management between
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the two occupations, attest to the stability of this economy over time. Differences in sheep and
goat abundance at age of slaughter are likely related to differences in the hardiness of these
animals for overwintering.

Figure 4.9. Pathological first (left) (Trench 12I8, Public Space), and second (right) (Trench TT1,
Phase IV) phalanges of cattle from KSH.
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4.6.3 Hunting
Despite a two-fold increase in the relative abundance of wild animals over time, wild
animals make up a very small percentage of the KSH fauna, and played a distinctly secondary
role in human subsistence. Cervids, primarily red deer, are the most prominent wild ungulates.
The presence of a few unshed pedicle fragments—alongside shed pieces—and elements of the
post-crania show that some deer were actively hunted. The importance of antler to craft
production activities in the Upper Horizon, particularly textile production in ENH, has been
discussed in Chapter 3. Antler is concentrated in ENH III, ENH IV–V, and WNH (Figure 4.3f),
although samples from WNH are small (NISP=14). Deer postcrania, on the other hand, are most
abundant in CNH. CNH is also unique for its taxonomically rich assemblage of carnivores.
Cutmarks on the occipital condyles of a near-complete wolf cranium (Appendix A.9) suggest
that this animal was skinned for its fur. The wild game assemblage from CNH suggests that
residents of this neighborhood were more active hunters than occupants of WNH or ENH.
Although wild game clearly played a secondary role to the domestic economy, their use as a
supplement, supports a risk minimization scenario.

4.6.4 Provisioning
With the exception of neck and axial elements, most of the skeleton including the head
and long bones are found in similar percentages in both horizons. All body-parts are represented,
although the first and second phalanges from the feet and especially the low-density neck and
axial regions are under-represented compared to other body-parts. The uniform
underrepresentation of axial and neck elements is likely related to density-mediated attrition of
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the cancellous bone that comprises the vertebrae and ribs (Lyman, 1994). The dense second and
third phalanges are not associated with any meat and contain negligible amounts of marrow.
These are typically discarded in the initial butchery stage (Binford, 1981) and thus may have
reached the middens independent of food refuse. Overall, fairly even representation of highdensity body-parts, supports a direct provisioning mechanism, meaning that all stages of carcass
butchery, preparation, and consumption were undertaken at the household level on site. This is
supported by the wide range of cutmark types in the assemblage (Atici et al., 2014). Similarities
in the body-part representation of cattle and caprids in the Upper and Lower Horizons suggests
that cattle, sheep, and goat meat was prepared using similar mechanisms.
The low percentage of bones with cutmarks, the high percentage of filleting cuts, and the
low intensity of cutmarks on cattle bones in the Upper Horizon are all hallmarks of indirect
provisioning (Zeder, 1991; Atici et al., 2014). However, a one-to-one relationship cannot be
assumed between butchery activity and cutmarks since a wide range of factors contribute to
cutmark frequencies and butchery may not leave any evidence at all (Lyman, 2005). One factor
is the skill of the butcher, while another is the size of the animal. The larger body size of cattle
compared to sheep and goat, and the larger and more rugose muscle and tendon attachment areas
on their bones likely explains the greater percentage of filleting cuts on cattle bones.
A brief note about body part representation and butchery in the Lower Horizon is also
warranted. Cattle bones from the Lower Horizon have more cutmarks, including filleting and
especially dismemberment marks. Given the limited archaeological exposure in this horizon, it is
difficult to fully explain this difference. The Lower Horizon was excavated only in ENH and the
deep sounding (TT1). Thus, this pattern may relate to a specific activity that occurred in this
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spatially limited area. The Lower Horizon deposits in TT1 derive from trash deposits located
along the internal face of the defensive wall. The fauna found in these deposits may reflect a
combination of primary butchery and consumption activities, or different food preparation and
processing mechanism than remains from the Upper Horizons. The deposits in ENH III are also
unusual. The excavations exposed part of a possible workshop or workshop-related raw material
storage unit in which cattle horncores were cached (Chapter 3). Although horncores were not
included in our calculation of head parts and body part representation analyses for this reason,
the high percentage of dismemberment cuts may be related to the skull and cranium fragments
that were cached along with the horncores. Further excavations in the Lower Horizon are needed
to elucidate the causes of these differences.
Wider horizontal excavations in the Upper Horizon allow us to more accurately examine
the spatial dimension of activities in occupation Phases IV and V. Similarity in the representation
of cattle and caprid anatomical regions across the neighborhoods conform to expectations of
direct provisioning in all neighborhoods. However, two additional noteworthy patterns are
visible. First, caprid lower-front bones are more over-represented than other limb bones in the
Upper Horizon, especially in ENH IV–V and CNH. The over-representation of these low-utility
limb elements is likely related to the curation of these bones, particularly the ulna, for bone tool
manufacturing. Bone and antler tools are among the most abundant class of worked material at
the site. Among these, worked ulnae are the most common bone tools, particularly in CNH,
where they are found in association with possible domestic contexts (Chapter 3). The locations
of cutmarks on these specimens, especially radii, clearly show that they were first exploited for
meat. Secondly, despite fairly even representation of cattle long bones, the scapula is better
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represented than other limb elements. This suggests that, although residents in all neighborhoods
had access to the full range of body-parts, they may have preferred this high-utility, meat-bearing
body part.

4.7 Conclusion
Overall, the scale of food production at KSH corresponds with the scale of craft
production in the Upper Horizon. As was discussed in Chapter 3, zooarchaeological,
archaeological, and architectural data do not support the presence of a complex, multi-tiered
division of labor. Rather, craft production, though practiced at the community level, was
probably organized by households or groups of kin within a vertical egalitarian system
(Frangipane, 2007). The strong evidence for herd security management strategy, generalized
exploitation of animals, and direct provisioning of meat presented in this chapter suggests that
the same social units responsible for craft production were also responsible for animal
management. The subsistence animal economy of KSH provided its residents with various
secondary products, including the wool and hair needed for textile production in ENH IV–V,
while hunting and the occasional slaughter of cattle and surplus male sheep and goat furnished
KSH residents with meat, bone and antler raw material for tool production, and the horns needed
for horn working in CNH and ENH III.
Evidence for a stable herd security strategy and generalized exploitation of animal
products at KSH fits well within existing zooarchaeological evidence from other KA sites.
Zooarchaeological assemblages from a number of Kura-Araxes sites in the vicinity of KSH point
to broad-based animal economies that lack any definitive evidence for specialized pastoral
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production. At the Anatolian site of Sos Höyük (ca. 35/3300–2200 BC), similar sheep-goat
ratios, caprid and cattle mortality and survivorship profiles, and representations of wild animals
all indicate a risk-minimization strategy featuring the generalized exploitation of animals for
dairy, fleece, labor, and meat (Piro, 2009). Many of these patterns are reproduced at the
agropastoral settlement of Shengavit (ca. 2900–2400 BC) in modern day Armenia (Crabtree and
Piro, in press) and possibly at the highland site of Gegharot in Armenia (ca. 3350–2500 BC)
(Monahan, 2007; Badalyan et al., 2014). These examples signal an emerging pattern (Samei,
2017): that with some possible exceptions of Godin IV in Iran (Rothman, 2017; Gopnik and
Rothman) and Arslantepe VIB in Turkey (Siracusano and Bartosiewicz, 2012), there is little to
no evidence of specialized pastoral production throughout the Kura-Araxes world. These patterns
will be explored in more detail in the next chapter.
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Chapter 5 – Living in the Highlands: Animal Economies of the Kura-Araxes World

5.1 Introduction
This paper provides a synthesis of existing zooarchaeological data to reconstruct the
organization of animal economies in the Kura-Araxes (KA) tradition, and to investigate the role
pastoralism in the formation and dissemination of the KA horizon in the fourth and third
millennia BC. At the time of growing urbanism in Mesopotamia, the surrounding highlands were
inhabited by groups of people belonging to the KA cultural tradition. The KA ceramic horizon,
ascribed to the Early Bronze Age, is arguably “the most long-lived and geographically expansive
archaeological complex” of Near Eastern prehistory (Sagona, 2014: 23) (Figure 5.1). Thus, not
surprisingly, it has been a keen subject of archaeological inquiry since it was first detected in the
mid-20th century (Kuftin and Field, 1964). Since then, it has come to be known by many names,
such as the Early Transcaucasian Culture, Shengavitian, Karaz, Pulur, while the ceramics in the
Levant are known as Khirbet Kerak Ware (KKW). Kura-Araxes (KA) is the name coined by
Kuftin (Kuftin and Field, 1964). Its occupations are easily detected by a corpus of material
culture, including handmade black burnished pottery—sometimes with contrasting color
schemes—characteristic lug handles, simple arsenical copper or bronze tools and ornaments, and
fixed hearths and portable andirons (Kushnareva, 1997; Kiguradze and Sagona, 2003; Batiuk and
Rothman, 2007; Courcier, 2007). Material culture analyses supported by the growing number of
radiocarbon dates have established several commonly used KA chronologies (Palumbi and
Chataigner, 2014). The earliest sites appeared along the Kura and Araxes rivers and their
tributaries in the South Caucasus and northeastern Anatolia in the mid–late fourth millennium
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BC (Sagona, 2014; Rothman, 2017). By the end of the fourth millennium and beginning of the
third millennium BC, KA material culture and occupations had spread north into the southern
edges of the Eurasian steppe; south into the Central Zagros Mountains, the Caspian littoral, and
the western edges of the Iranian plateau; west into the mountains of eastern Anatolia, and
ultimately into the southern Levant (Kohl, 2007; Greenberg et al., 2014).
Most scholars agree that animal husbandry was foundational to KA economies (Burney
and Lang, 1971; Kushnareva, 1997; Rothman, 2003a, 2005; Kohl, 2007). As I will explain in the
next section, because of a lack of zooarchaeological studies, archaeologists studying this cultural
tradition often use settlement patterns, ceramic studies, and size and internal structure of sites to
infer the presence of pastoral activities in the archaeological record. Reliance on these lines of
evidence without considering zooarchaeological data has had major implications for
understanding the social and economic roles of animal husbandry in KA communities, their
genesis, and their rapid dissemination beyond the Caucasus. As I will demonstrate, these
archaeological indicators are important but insufficient markers of pastoralism, because they do
not capture the range of diversity in the organization of animal economies that may have existed
in the past. Because of equifinality (see Chapter 1), different pastoral practices, such as
nomadism, transhumance, and largely sedentary pastoralists that incorporate some degree of
mobility into their herd management practices, can produce sites with similar sizes and
structures, settlement patterns and ceramic distributions. Definitions of these types of pastoralism
and several modern examples were provided in Chapter 1. Faunal remains are the most
unambiguous type of archaeological material associated with animal husbandry, and so provide
us with the most reliable means of overcoming this equifinality. In this paper I use a large
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database of published zooarchaeological reports and several unpublished faunal datasets that
were generously shared by colleagues to explore the organization of pastoral practices in this
tradition and to test some existing interpretations of KA subsistence economies.

Figure 5.1. Location of the sites discussed in the chapter. The shaded area represents the
maximum geographic distribution of the Kura-Araxes Cultural Tradition. 1. Velikent, 2.
Kvatskhelebi, 3. Natsagora, 4. Bavra Ablari, 5. Mentesh Tepe, 6. Gegharot, 7. Shengavit, 8.
Aknashen-Khaturnakh, 9. Mokhra Blur, 10. Areni-1, 11. Ovçular Tepesi, 12. Köhne Shahar, 13.
Sos Höyük, 14. Haftavan Tepe, 15. Godin Tepe, 16. Korucutepe, 17. Tülintepe, 18. Arslantepe,
19. Tel Bet Yerah, 20. Tel Yaqush.
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5.2 Pastoralism and the Kura-Araxes Tradition: Challenges and Questions
As was discussed in Chapter,1, indirect archaeological proxies of pastoralism in the KA
tradition include the small size of most sites—which include villages (ca. 1 ha) and towns (ca. 10
ha)—ephemeral cultural deposits, the presence of sites in rugged alpine highlands, a paucity of
architectural remains, and wide-scale distribution of material culture across a wide geographic
area (Sagona, 1984; Edens, 1995; Kushnareva, 1997; Kiguradze and Sagona, 2003; Rothman,
2005; Frangipane and Palumbi, 2007). These indirect proxies equate pastoralism with the
ambulatory lifestyle of nomadism and transhumance. Together, these proxies have been used to
suggest a lack of long-term residential investment, light human footprint, high mobility,
temporary habitation, and occupation of seasonally inhospitable areas. This interpretation is
bolstered by the fact that parts of the highlands where KA sites are concentrated are home to
several groups of nomadic and transhumant pastoralists today (Wilkinson, 2014). However,
direct ethnographic analogy is an insufficient marker of the mobility of past pastoral practices
(Bar-Yosef and Khazanov, 1992). Likewise, different pastoral strategies and site formation
histories often lead to similar archaeological signatures (Schiffer, 1983; Lyman, 1994). Decisions
regarding mobility—whether to move, when to move, and how far to move—may be
incorporated into a array of husbandry and agricultural strategies, including those typical of
largely sedentary communities. Thus, mobility is an important variable that must be qualified
and demonstrated empirically.
The traditional narrative also presents KA societies as egalitarian and almost “Neolithic”
in character, because they lack evidence of social and economic differentiation found in
contemporaneous Mesopotamian states (Smith, 2005; Kohl, 2007). This narrative can mute the
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variability of the KA tradition, although it is characterized by diverse material culture and
frequent interaction with other traditions and communities (Rothman, 2003b: 211; Smith, 2005;
Badalyan, 2014; Rothman, 2014). Given the perceived importance of animal husbandry to KA
economies, the organization of animal economies provides an important avenue for examining
and empirically demonstrating the presence, absence, and range of economic and social diversity
in the KA tradition. Pastoral diversity is generated, in part, by the economic decisions made by
the families of herders. Decisions regarding economic production concern the number and types
of animals that are herded, the product(s) that will be exploited, and who will ultimately
consume them (i.e., local production or exchange). These issues are foundational for recreating
and understanding pastoralism and its social and economic context within KA communities.
Differences in the organization of animal economies have shaped how groups of mobile
pastoralists interact with one another and with other producers like farmers. Given the
significance of these interactions to the post-Neolithic dynamics of the region, our portrayal of
KA animal economies has also created ambiguity around the role of pastoralism in the formative
period of the KA tradition in the South Caucasus and its subsequent expansion beyond the
Caucasus. Thus, in addition, to a synthesis of current zooarchaeological data from the KA region,
these two debated and elusive themes in ongoing scholarship are also discussed below.

5.2.1 Pastoralism and the Genesis of the Kura-Araxes
The Chalcolithic period dating to the fifth and fourth millennia BC, is a critical but poorly
understood cultural period in the South Caucasus that is “now emerging from the dimness of
obscurity” (Sagona 2014: 24). Based on new evidence, radiocarbon dates, and the reassessment
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of older excavations, the Chalcolithic period can be divided into two periods: Early (ca. 5000–
4000 BC), and Late (ca. 4000–3500 BC) (Sagona, 2014). During the Chalcolithic, a mosaic of
cultural groups was scattered across the topographically rugged Caucasus. Based on settlement
data and material culture, Sagona (2014) argues that these groups had their own social identities,
but they interacted with other groups in the region and beyond. Chalcolithic communities are
distinguished from those of the preceding Neolithic by a number of traits, including a larger
number of sites, smaller sites, and an expansion of settlements into more diverse habitats
including ones at higher altitudes (Chataigner, 1995; Palumbi, 2011). In this sense they
resembled the KA tradition that replaced the Chalcolithic cultures in the mid-fourth millennium.
Despite these similarities, there is a major break in settlement patterns at the end of the
Chalcolithic. The earliest KA occupations are found either in new sites without any preceding
Chalcolithic deposits or following a stratigraphic break above the Chalcolithic deposits
(Kiguradze and Sagona, 2003; Kohl, 2007; Sagona, 2014). This archaeological discontinuity
may imply cultural discontinuity between the two periods driven by a KA need to “reinforce
their sense of identity,” (Sagona, 2014: 43) by establishing new settlements and a new and
uniform package of material culture.
As discussed in Chapter 1, the cause of this change remains unknown. Investigations
based on pottery and settlement patterns (Kohl, 2009; Sagona, 2014) have had limited success
(Rothman, 2017). Many of these discussions also suggest the onset of a climatic optimum and/or
the build-up of demographic pressure (Kushnareva, 1997: 49; Connor and Sagona, 2007). But
how demographic pressure and/or climate change translated into cultural changes such as
shifting settlement patterns remain unclear? Human subsistence adaptations have been shown to
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be sensitive and reliable proxies of climatic and demographic change (Broughton, 1994; Stiner et
al., 1999; Munro, 2004). Thus, ambiguities about the origins of the KA and its relationship with
the Late Chalcolithic may be resolved by comparing the pastoral practices of the two periods.

5.2.2 Pastoralism and the Kura-Araxes Expansion
The stimuli behind the sudden expansion of Kura-Araxes material culture and the modes
of expansion also remain elusive. Proposed models include:

1. Multiple migration episodes over a long period, initiated by nomadic pastoralists and
followed by farmers and transhumant pastoralists who assimilated with local populations
or moved in to spaces abandoned by preceding local communities (Rothman, 2003a,
2005);
2. Exchange, interaction, or expertise in particular technologies (Palumbi, 2003; Batiuk,
2013);
3. Alternating cycles of nomadism and sedentism (Cribb, 1991: 221);
4. Cycles of short-term occupation and abandonment by small farming settlements (Kohl,
1992);
5. Primogeniture: expansions that enabled heads of households to establish their own groups
(Batiuk, 2013; Rothman, 2017)
6. To obtain new labor sources, especially for agriculture in developing societies in the
Taurus region and the Levant (Philip, 2003).
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Some of these models advocate mobile pastoral strategies like nomadism and transhumance, but
suggest different causes in different regions, including the need for new pastures or the
emergence of specialized wool production. In each region, KA populations also interacted
differently with local populations. Some reoccupied abandoned sites in the new region, some
moved to new locations in mountainous areas close to local settlements, some cohabitated
different parts of local settlements, while others fully assimilated into local cultures. Each of
these modes of expansion and interaction have significant implications for the social structure
and economic organization of individual KA communities in the diaspora. A more nuanced
appreciation of the diverse range of animal economies in individual sites and settlements in the
diaspora is needed to best understand them.

5.3 Organization of Pastoralism
The organization of pastoralism falls into two broad areas: production goals or herd
management and food/material provisioning. This chapter focuses on herd management
strategies (see Chapter 1 for an in-depth discussion). Pastoralism refers to a diverse set of
delayed-return economies aimed at the appropriation and exploitation of animals (Tapper, 1979:
1). Pastoral diversity is generated by the socioeconomic decisions made by herders and their
communities. These decisions reflect existing social and environmental constraints and
opportunities within which pastoralists are expected to balance costs and benefits to optimize
production (Redding, 1981, 1984; Mace., 1993; Kuznar, 2001). As food producers, herders aim
to optimize production by maximizing output and/or reducing risks (Dyson-Hudson and DysonHudson, 1980). Risk reduction strategies are best accomplished by diversifying risk through
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extensive management of small herds of different species with different physiological and
behavioral traits. These species can be exploited for a range of products, including meat milk,
fleece, and labor (Redding, 1981, 1984). A risk reduction strategy is commonly used among
agropastoral communities practicing a mix of household-based farming and herding. In contrast,
output maximization requires full-time investment in the maintenance and growth of herds,
generation of secondary products, and specialization in the exploitation of animals as a means of
surplus production for consumption and exchange (Barth, 1973; Redding, 1984; Beck, 1986;
Wapnish and Hess, 1988; Zeder, 1991; Crabtree, 1996; Halstead, 1996; Greenfield, 2010).
Specialization can be recognized in the species composition of herds. As pastoral economies
become more specialized, the focus shifts away from herd security and extensive management of
various species, toward the full-time management of specific high-fertility species that yield
potentially marketable secondary products (Redding, 1981; Zeder, 1991; Crabtree, 1996).
Because animals serve as “walking larders” or wealth on the hoof, more specialized economies
tend to focus more on secondary products than exclusively on meat production (Redding, 1981;
Sherratt, 1983; Arbuckle et al., 2009). Herd security and production specialization mark two
ends along a continuum of pastoral organization. Economic decisions characterizing each
strategy are reflected in the structure and management of herds. These can be measured in
zooarchaeological assemblages as the taxonomic diversity (richness and evenness) and relative
taxonomic abundance of herds, and the age and sex composition of the culled animals.
In this paper, I investigate KA herd management strategies by applying these measures to
assemblages from individual sites or individual occupations from multi-component sites to
reconstruct the herd structure and management strategies of each community. I then provide
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spatial and temporal comparisons of the data to investigate broader patterns in the organization
of Chalcolithic and KA animal economies and how they related to the formation of KA
communities in the homeland and in the diaspora.

5.4 Sites and Materials
The faunal data amassed in this study consists of 33 assemblages from 19 sites (Figure
5.1, Table 5.1). The Chalcolithic database consists of 10 assemblages from five sites—five
assemblages are from the Early Chalcolithic (EC), four are from the Late Chalcolithic (LC), and
the remaining assemblage from Areni-1 in Armenia belongs to mixed EC–LC deposits. Two of
the 19 sites, Areni-1 Cave and Bavra Ablari Rock shelter in Georgia, are located in more rugged
terrain at higher elevations (1660 the m asl and 1800 m asl respectively). The other sites
(Aknashen-Khaturnakh in Armenia, and Menesh Tepe and Ovçular Tepes in Azerbaijan) are
mound located at lower elevations and along river valleys. Mentesh Tepe and Ovçular Tepesi,
also contain KA occupations that are incorporated into this study. The KA database consists of
23 assemblages from 12 sites. The sites in the Caucasus, or the KA homeland, provide the bulk
of the data. The majority of these sites are located in the watersheds of the Kura and Araxes
rivers. These range from sites in high elevations like Gegharot (2290 m asl) in Armenia to
Velikent (-3 m als) in Daghestan. Material from the diaspora consist of three sites in Turkey
(Arslantepe, Korucutepe, and Tülintepe), one site in Iran (Godin Tepe), and one in Israel (Tel
Yaqush). Köhne Shahar, in Iran and Natsagora and Kvatskhelebi in Georgia are singlecomponent sites with only KA occupations. Whenever possible, assemblages from these sites are
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Table 5.1. List of sites and contexts included in the database and the number of identified bone specimens (NISP) for each.
Sites

Abbreviation

Country

Environment

Elev. (m a.s.l.)

AknashenKhaturnakh
Areni-1

KHAK

Armenia

839

ARNI

Armenia

Araxes River valley
Ararat Plain
Deep canyon
Lesser Caucasus mountains

1080

Occupations

Dates

Level I

After 6th mill. BC

134

LC III
LC II–III
LC II
LC I–II

4300–4000 cal. BC

156
50
713
59

LC I
VIB1

3700–3400 cal. BC
3000–2900 cal. BC

169
4789

4000–3800 cal. BC

NISP

References
Badalyan et al., 2010

This dissertation, Chapter 2

Arslantepe

ARSL

Turkey

Malatya Plain
Euphrates River valley

941

VIB2

2900–2750 cal. BC

2475

Bavra Ablari

BAVR

Georgia

High volcanic plateau

1660

Level 1

ca. 5000–3500 BC

2015

Varoutsikos et al., 2017

Gegharot

GEGH

Armenia

High plateau

2290

Elar-Aragats

3350–2900 cal. BC

1063

Karnut-Shengavit

2900–2500 cal. BC

2828

Monahan, 2007
Badalyan et al., 2014

Level IV

ca. 3000–2400 BC

2625

Crabtree, 2011; Piro and Crabtree,
2017

Level VII

2300–1800 cal. BC

245

Mohaseb and Mashkour, 2007

Phase D

ca. 2600–2300 BC

866

Boessneck and
von den Driesch, 1975

I–III

ca. 3200–2800 BC

2772

IV–V

ca. 2800-–500 BC

3373

Phases C1, C3

end of 3rd mill. BC

572

Phases B1–B3

end of 3rd mill. BC

333

Periods II–III

5th mill. BC

5624

Period IV

mid 4th–mid 3rd mill. BC

1571

Level V

first half of the 3rd mill. BC

665

Piro and Crabtree, 2017

mid 4th–mid 3rd mill. BC

269

Rova et al., 2011

EC

4350–4250 cal. BC

4492

LC

4250–3950 cal. BC

296

EBA

3000–2500 cal. BC

939

Lesser Caucasus mountains
Godin Tepe

GODN

Iran

Kangavar high plain
River valley

1484

Haftavan Tepe

HFTV

Iran

High plain
Rivery valley
Lacustrine
Malatya Plain
Euphrates Rivery valley

1306

High intermontane valley

1909

Korucutepe

KORU

Turkey

Köhne Shahar

KSH

Iran

Kvatskhelebi
Mentesh Tepe

KVAT
MNTS

Georgia
Azerbaijan

Mokhra Blur

MKHB

Armenia

Natsagora

NTSG

Georgia

Ovçular Tepesi

OVCL

Azerbaijan

Shengavit

SHNG

Armenia

Sos Höyük

SOS

Turkey

Tel Yaqush

YQSH

Israel

Tülintepe

TULN

Turkey

Velikent

VLKN

Dagestan

Kura River valley
Araxes River valley
Araxes Rivery valley
Ararat Plain
Kura River valley
Hilly bank
Araxes River valley

Araxes Rivery valley
Ararat Plain
High plain

Jordan River valley
Hilly bank
Malatya plain
Euphrates Rivery valley
Caspian littoral

820

631
356
842
766
896

924
1800

-231

This dissertation, Chapter 4
Paz, personal communication
Norbert, nd

Kovács et al., 2013
Berthon, nd

ca. 2900–2450 BC

10769 Crabtree and Piro, in press

Va

35/3300–3000 BC

2774

Vb

3000–2800 BC

2082

Vc–d

2800–2200 BC

2289

EB III KKW

early–mid 3rd mill. BC

1009

Hesse and Wapnish, 2001

late 4th–mid 3rd mill. BC

3200

Boessneck and
von den Driesch, 1976

3200
-3

Bökönyi, 1983
Bartosiewicz, 1998
Siraciosano and Bartosiewicz, 2012

Settlement Mound I 4

ca. 2300–1900 BC

16

Settlement Mound II 5, 7–8

ca. 3300–2600 BC

252
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Howell-Meurs, 2001a, 2001b;
Piro, 2009

Morales, 1997

subdivided by cultural period to provide a finer temporal resolution. For all the other multicomponent sites, only data from the KA occupations are analyzed. For more detailed
information, see the references for each site listed in Table 5.1.

5.5 Methods
Like any other comparative work, this synthesis faces challenges related to interassemblage and inter-analyst differences in data collection and recording. Some studies in the
dataset, particularly older ones, do not clearly state their data recording strategies and analytical
methods. Older studies and preliminary reports also provide little detailed contextual
information. If an assemblage was studied by different specialists at different times, it is not
always clear if and how the most recent study incorporated work by predecessors. Some of the
assemblages were primarily collected by hand during excavation, thus favoring large and more
diagnostic pieces which might artificially inflate the importance of large mammals like cattle.
Other assemblages were collected more systematically, but the available data is preliminary or
includes only a sample of the assemblage, though what portion of the assemblage is unclear (e.g.
sieved or handpicked). All of these assemblages are incorporated into my analyses. Sample size
and sampling issues are discussed when they may have impacted the interpretations of
anthropologically-significant patterns.
Two analyses of taxonomic abundance are used to evaluate the relative contribution of
different species to domestic herds within each assemblage (Table 5.2). The first measures the
relative proportion of cattle (Bos taurus), caprids, and pigs (Sus scrofa). The caprid category
combines specimens identified to sheep (Ovis sp.) and goat (Capra sp.) with sheep/goat
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(caprinae) specimens that could not be distinguished from one another. This category includes
both wild and domestic specimens. The second analysis is the sheep:goat ratio. This ratio was
calculated using only specimens identified to genus and species. Wild sheep and goat specimens
are undoubtedly also included here, because only a few body-parts can be reliably distinguished
as wild or domestic; our inability to identify these nondiagnostic specimens as wild does not
automatically mean that they belonged to domestic animals. Both analyses are based on the
number of identified specimens (NISP). Statistical significance of differences in taxonomic
abundance between different periods will be assessed using Kruskal-Wallis one-way analysis of
variance.
Two major inter-analyst differences may affect the results of these analyses. First, reports
may not specify the criteria used to identify skeletally similar taxa. This is especially important
when it comes to differentiating sheep and goat. In this study I have assumed that all
identifications were based on valid and well-established criteria. The second issue relates to lack
of definition or consistency in how analysts define body-size categories. For example, some
analysts define small ungulates as goat-sized, while others may attribute this definition to
medium-sized ungulates. Others have not explained how they defined body size categories.
Because of this lack of consistency, I have excluded body size categories that were not clearly
defined from the analysis.
Herd production goals are identified by determining the age and sex composition of the
culled domestic taxa (Table 5.2) using two independent, but complementary analyses:
survivorship curves based on long bone fusion, and mortality profiles based on mandibular tooth
eruption and wear sequences. The most common demographic data for sheep and goat in
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the published reports is mortality data. Little demographic data has been published for cattle—
those that are available are primarily presented as survivorship curves.

Table 5.2. List of analyses and their corresponding methods and measurements.
Analysis

Methods

Measurement

Taxonomic composition
of of herds

1.
2.
1.
2.

1.
2.
1.
2.

Management goals

Relative abundance of cattle, caprids, and pigs
Relative abundance of sheep and goat
Caprid mortality profiles
Cattle survivorship profiles

NISP
NISP
MNE, MNI, NISP
MNE and NISP

Four primary analytical and reporting differences hamper systematic comparison of caprid
mortality among assemblages. The first is inconsistency in the units of measurement. The most
common unit is minimum number of elements (MNE), but some specialists have used NISP.
Comparison of these two sets of data is not too problematic, because NISP has been shown to
provide similar results to MNE, particularly when working with small samples (Grayson and
Frey, 2004). A small number of reports also presented mortality data using the minimum number
of individuals (MNI). All three units are incorporated in my analyses, but their potential impact
on interpretations are discussed whenever applicable.
The second issue is that mortality profiles are constructed using different age
determination schemes. Most specialists used the most common method developed by Payne
(1973), or a slightly modified version by Zeder (2006). But in a few instances, mortality was
determined using bone fusion data. In these cases, it is not clear how mortality was calculated.
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Because there are no means of converting these different schemes to one universal method, I
have incorporated them as they were analyzed by their respective specialists.
The third issue relates to how the data is presented. Most specialists report mortality data
using the smallest possible age categories provided by Payne and Zeder, but a few others binned
the data into broader age categories, without providing an explicit breakdown of the various age
categories in each bin. Fortunately, the age limits of these binned groups are the same. They
consist of immature individuals (0–12 months), subadults (12–36 months), and adults (36+
months). In the interest of incorporating the maximum number of mortality data into my
analysis, I combined mortality groups to fit into the binned age groups, but whenever possible I
incorporate data from the more detailed profiles into the discussion of the results. These binned
categories are similar to Greenfield’s (1988) and provide a very simple means of displaying large
sets of data. Binning also helps to detect significant patterns in herd management strategy,
because differences between various strategies may be statistically indistinguishable when based
on the smallest possible age categories (Marom and Bar-Oz, 2009). This binned dataset is
compared with theoretical survivorship and mortality models for milk, meat, and wool/hair
production proposed by Payne (1973) as well as the herd security management model proposed
by Redding (1981). The final issue relates to the taxonomic composition of the demographic
profiles. Most specialists provide a combined caprid mortality profile, and only a small number
of reports provided separate profiles for sheep and goat. Caprid mortality profiles combine sheep
and goat management strategies and so present a uniform pattern for two species that may have
in fact been managed differently. So, whenever possible, I will draw upon this individual sheep
and goat mortality data in the discussion and interpretation of the combined mortality profiles.
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5.6 Results
5.6.1 Taxonomic Abundance of Herd Animals
Both EC and LC assemblages are dominated by caprids followed by cattle (Figure 5.2).
Caprids make up 82% (± 17%) of ungulates in EC and 88% (± 7%) of ungulates in LC contexts
on average. Cattle see a decline in abundance from 17% (± 16%) in the EC to 8% (± 3%) in the
LC. There are no differences in the negligible proportion of pigs between the two periods: pigs
account for 0.6% (± 0.8%) of the EC assemblages and 4% (± 5%) of the LC assemblages.
Caprids are less pronounced in KA assemblages than in the LC but they still exceed all other
ungulates (67% ± 18%) (Figure 5.2). In contrast, cattle gain prominence in KA assemblages
relative to the LC (30% ± 16%). Differences in cattle proportions between the LC and the KA
assemblages are significant (H[1]=10.535, p = .001). Pig abundance remains negligible across
the board (3% ± 4%), except at Natsagora where it accounts for 16% of ungulates. The second
index shows that sheep outnumber goats in EC assemblages by an average ratio of 2.5:1 (Figure
5.3). This ratio declines to 0.5 in the LC, when goats outnumber sheep by 65%. There is more
variability in the results from the KA assemblages. However, with the exception of Velikent SM
II, Natsagora, and Kvatskhelebi, sheep outnumber goats, with ratios ranging from 1:1 at KSH
IV–V to 8.3:1 at Haftavan VII. Differences in the proportion of sheep relative to goat are
statistically significant between the LC and the KA assemblages (H[1]=5.981, p = .014). EC
datapoints are too few to measure the statistical significance of differences in cattle and sheep
abundance between the EC and LC.
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Figure 5.2. Relative abundance of cattle, caprids, and pigs based on the number of identified specimens (NISP); Black triangles =
Early Chalcolithic (EC); black circles = Late Chalcolithic (LC); hollow circles = Kura-Araxes.
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Figure 5.3. Average sheep abundance values relative to goats in each period based on NISP. Black circles represent mean values, and
bars represent one standard deviation. Detailed sheep and goat abundance values for individual assemblages in each period are also
presented in bar graphs: black bars = sheep, grey bars = goats.
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Figure 5.4. Caprid mortality in the Kura-Araxes dataset binned into three age categories:
immature (0–12 months), subadult (12–36 months), and adult (36+ months). Payne (1973) and
Redding’s (1981) idea models were modified to fit into this binned method: K = milk, W = wool,
M = meat, S = herd security.
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Figure 5.5: Cattle survivorship in the Kura-Araxes database.
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5.6.2 Survivorship and Mortality
Caprid and cattle survivorship and mortality data were only available for the KA dataset.
In most assemblages, mortality is highest among subadult (44% ± 10%) and adult animals (34%
± 8%), followed by immature animals (21% ± 10%) (Figure 5.4). This is true of all but one of the
assemblages in the homeland. A different pattern characterizes three diaspora and one homeland
assemblage (Kvatskhelebi C). In these cases, mortality is concentrated in the adult age groups
(70% ± 16%), followed by the subadult group (21% ± 8%), with only 9% mortality (± 10%)
among immature animals. Finally, in the feasting and non-feasting contexts of Arslantepe VIB1,
mortality is highest among subadult (47%–53%) and immature animals (38–46%), followed by
adults (7–10%). Cattle survivorship from five of the seven assemblages are similar (Figure 5.5).
Nearly all cattle survived the first year of life. Survivorship drops in the second year by no more
than 20% and then drops again to 40–60% by the end of the fourth year. The Sos Höyük results
are less certain, because of reversals in survivorship.

5.7 Discussion
5.7.1 Chalcolithic Animal Economies
All four domestic species—sheep, goat, cattle, and pig—were herded in the Chalcolithic
period, although pigs played a negligible role. Among these, caprids were the dominant taxon
throughout. Sheep are more abundant than goats in the EC, while goats outnumber sheep in the
LC. Cattle are well represented in most assemblages, but are consistently more abundant in the
EC than the LC. In both periods, taxonomic composition reveals a generalized herding strategy
suggesting a herd security production goal. Mixed herds provide a wider range of behavioral and
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physiological characteristics to better buffer against subsistence and production failure (Redding,
1981; Halstead, 1992; Kuznar, 2001). Greater taxonomic diversity also reduces the susceptibility
of herds to the damaging effects of specific pathogens, or the impact of environmental stressors
such as pronounced fluctuations in water availability or temperature.
The abundance of caprids relative to cattle and pigs also points to a herd security strategy,
since they have higher reproductive capacities and lower overall management costs (Dahl and
Hjort, 1976; Redding, 1981). Caprids are favored over cattle because they reach sexual maturity
earlier and reproduce faster due to higher fertility and shorter generation lengths (Franklin, 1980:
141; Halstead, 1992). Caprids also have far lower water and feed requirements than cattle and
are better adapted to the rugged highland zones where access to pastures requires mobility (Dahl
and Hjort, 1976; Zeder, 2003). Thus, although cattle yield much more meat and milk per animal,
the costs associated with their slower reproduction and their higher susceptibility to sudden
changes in water and feed availability outweigh their benefits when herd security is paramount;
caprids provide a more effective hedge against stock loss.
Cattle, though never the primary herd animal, declined in abundance at the expense of
caprines between the EC and LC in the fifth millennium BC. Interpretations of Chalcolithic sites
and settlement patterns often paint a picture of agricultural and transhumant communities
focused on subsistence farming and herding (Chataigner, 1995, 2016). Indeed, an increase in the
importance of caprids could signal increased mobility. But this shift could also be related to
environmental change. The sixth and fifth millennia that coincide with the EC and the preceding
Late Neolithic Sholaveri-Shomu Culture, were warm and wet and associated with the expansion
of mixed oak forests and increased lake water levels (Arıkan, 2015; Chataigner, 2016). Changes
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in the hydrological and riparian regime of Caucasian rivers and increasing water levels in the
sixth millennium BC may have contributed to a stratigraphic break between Neolithic and Early
Chalcolithic occupations as new settlements were founded at higher elevations above 400–500m
asl (Connor and Sagona, 2007; Ollivier et al., 2016). However, by the mid-Holocene, rainfall and
seasonality regimes suddenly changed and deciduous forests begin to disappear as the summer
monsoon weakened and the ITCZ moved southward, resulting in a drier climate and the
establishment of the modern Mediterranean pattern of dry summers and wet winters (Roberts et
al., 2001; Arıkan, 2015). Pollen and charcoal records also indicate that part of the change in
vegetation cover and deforestation at the time was related to intensification of human activities
(Connor and Sagona, 2007).
Certainly, a shift to more seasonal biomass production in an increasingly open and dry
mountainous landscape, could have led to increased mobility, and even transhumance. But the
simultaneous increase in goat abundance and decline in the prominence of cattle in the LC
suggests that an even more fundamental realignment of economic strategies was taking place,
likely as an adaptation to new climatic conditions in the LC. A change in demographic and
taxonomic herd composition often reflects environmental change. Goats are much better adapted
to warmer and drier environments than sheep and cattle and thus are much less susceptible to
sudden and seasonal shifts in feed and water availability (Khazanov, 1984; Nardone et al., 2006).
This is especially true of the higher elevations where most Chalcolithic sites are found and where
rivers and streams were not as accessible as in the preceding Late Neolithic period (Ollivier et
al., 2016). Even today, a drop in the use of cattle relative to small ruminants in communities that
have traditionally relied on cattle for part of their subsistence can be triggered by changes in
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vegetation ecology caused by increasing aridity (Kassahun et al., 2008). It is in this new climatic
and environmental setting that the first KA settlements emerged.

5.7.2 Kura-Araxes Animal Economies
The taxonomic composition, survivorship, and mortality data from most KA assemblages
in the homeland point to a herd security management strategy aimed at minimizing fluctuations
in herd size, and the generalized exploitation of a range of animals for a variety of products.
There is very little evidence for the specialized production of specific products such as wool or
milk for exchange at any of the sites.
KA animal economies are characterized by management of all four domestic animals—
sheep, goat, cattle, and pig. KA communities did not specialize in the herding of any specific
animal, but focused first on raising high fertility and low maintenance caprids, and secondarily
on cattle. This taxonomic composition points to a herd security management strategy. In fact,
with a few notable exceptions, this pattern defines the entire KA dataset. In one exception,
Velikent SM I4, cattle make up 86% of the assemblage. This is likely a consequence of a biased
recovery strategy that prioritized hand picking large bone fragments during excavation of the site
(Kohl and Magomedov, 2014). For the most part, herd survivorship and mortality data from the
KA sites point to a generalized exploitation strategy of a variety of products. This is manifested
in the representation of a variety of age and sex groups culled after their first year of life
(Redding, 1981). Conversely, the specialized production of specific secondary products should
be reflected in the exploitation of more restricted and uniform age and sex categories (Payne,
1973; Greenfield, 1988). Most of the mortality data best match Payne’s meat production model
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and Redding’s herd security model. As the more detailed profiles show (Figure 5.6), although
mortality tends to be concentrated between the first and fourth years of life, where within this
range the highest mortality falls varies significantly among the assemblages. Regardless, culling
males between 1–4 years is an efficient meat production strategy as it preserves the reproductive
core of the herd, while harvesting males nearing peak body size to save energy on unnecessary
care. Importantly, this strategy is also suited for milk, wool or hair production. Thus, like the
taxonomic abundance data, the combined caprine age profiles suggest a generalized management
strategy.
Cattle also provide a variety of products including meat, milk, and labor. The optimum
age to slaughter cattle for beef is between the third and fourth years of life (Zeder, 1991: 29).
This is the age at which 40–60% of cattle were culled in most of the assemblages. The other half
of the animals survived beyond the fourth year into adulthood. This pattern supports a
generalized model in which part of the herd is slaughtered for meat, while part is maintained for
dairy, or labor for ploughing or cartage (Sherratt, 1983; Greenfield, 2010). The use of cattle for
their labor is also supported by the presence of pathologies on several weightbearing cattle bones
at Köhne Shahar and Sos Höyük (Piro, 2009). Cattle may have also been exploited in other ways,
as is the case at Köhne Shahar IV–V, where bull horns were cached for hornworking activities
(Chapter 3).
Despite strong uniformity in herd structure and management strategy across the sites in
general, there are notable regional and chronological patterns that correspond with important
periods of cultural and environmental change in the KA homeland and beyond that can be
divided into Early and Late phases of the KA.
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5.7.3 Animal Economies in the Homeland—Early Phase (ca. 3500–2900 BC)
The LC to KA transition is marked by renewed interest in cattle and sheep herding
(Figures 5.2 and 5.3) similar to the EC. The transition is particularly visible in comparisons of
the sheep:goat ratios from Sos Höyük Va (4:1), KSH I–III (1.7:1) and Gegharot E-A (1.5:1) to
the LC occupations of Areni-1 and Ovçular Tepesi (ca. 0.5:1). The sudden, more than threefold
jump in the abundance of sheep matches the suddenness with which the earliest KA sites,
occupations, and material culture replaced the preceding Chalcolithic occupations across much
of the Caucasus (Kohl, 2007; Sagona, 2014). The abundance of sheep during this particularly
arid period contradicts what we saw in the Chalcolithic, when increased aridity in the LC
accompanied a jump in the abundance of goat at the expense of sheep. However, one can assume
that sheep herding continued at higher elevation sites like Gegharot E-A (2290m asl), KSH I–III
(1910m asl), and Sos Höyük Va (1800m als) where temperatures were cooler. Charcoal evidence
from Gegharot also suggests wetter climates in the alpine elevations of Armenia (Jude et al.,
2016), which may have been suitable for sheep herding.
Thus, the sheep:goat ratios may reflect the altitude of the sites represented, since goats
are more abundant than sheep in the lower elevation sites of Velikent SM II (-3m asl) and
Natsagora (766m asl). Because of the small number of observations, it is difficult to assess
whether this is most related to altitude or a change in climatic conditions. Nevertheless, a
comparison with the later KA occupations in the homeland hints at a more regional pattern,
unrelated to altitude. Goats are also dominant at Kvatskhelebi B and C (631m als), which along
with Natsagora is located in the Kura River valley, while Velikent is located further north along
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Figure 5.6. Detailed caprid mortality profiles based on tooth wear and eruption stages: A (0–2 months), B (2–6 months), C (6–12
months), D (1–2 years), EF (2–4 years), G (4–6 years), HI (6–10+ years).
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the edges of the Eurasian Steppe. In contrast, sheep are dominant at lower elevation sites along
the Araxes river, such as at Shengavit (924m asl), Mokhra Blur V (842m asl), Ovçular Tepesi
(898m asl), and Mentesh Tepe (360m als). It seems therefore that sheep herding was an
important aspect of KA economies in both the highland and river valley communities of the
Araxes watershed, while goats played a more prominent role among the more northernly
communities of the Kura River and the Eurasian Steppe.
Despite the regional differences in sheep-goat ratios, a limited number of observations
indicate that herd composition and management strategies were uniform and stable throughout
the Early KA Phase (Figure 5.7). This pattern coincides with a similar contemporaneous pattern
in the uniformity of ceramic types and an irregular distribution of sites across the landscape
(Badalyan, 2014; Haroutunian, 2016).

5.7.4 Animal Economies in the Homeland—Late Phase (ca. 2900–2500 BC)
In the KA homeland, the beginning of the Late Phase coincides with stratigraphic
hiatuses between earlier and later occupations at some multicomponent sites, and the complete
abandonment of sites in some regions and the establishment of new sites in previously
unoccupied territories (Badalyan, 2014; Haroutunian, 2016). In this later phase, the more
uniform material culture of the earlier phase is replaced by a mosaic of local ceramic styles that
vary by topographic regions. New sites emerge around raw material resources like copper and
obsidian in the homeland, and some scholars have argued that regional settlement hierarchies and
inter-regional exchange networks first appear in this period (Badalyan, 2014; Haroutunian,
2016).
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Figure 5.7. Caprid mortality data from Figure 5.4 separated into three groups: black =
Homeland-Early Phase, beige = Homeland-Late Phase; grey = Diaspora-Late Phase. Age groups
binned into three categories: immature (0–12 months), subadult (12–36 months), and adult (36+
months). Payne (1973) and Redding’s (1981) idea models were modified to fit into this binned
method: K = milk, W = wool, M = meet, S = herd security.
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These cultural dynamics are not registered in the zooarchaeological data. There are no
observable differences in species composition or relative abundances. With the exception of
Kvatskhelebi C, caprid mortality in the Early and Late Phases are also nearly identical (Figure
5.7). The difference at Kvatskhelebi may relate to the use of fusion data rather than tooth wear
and eruption data typically used in the other caprid mortalities. All of the faunal evidence thus,
demonstrates continuity in the organization of animal economies between the two phases. In both
periods, the focus is on maintaining herd security and the generalized exploitation of animal
products. The aforementioned shifts in the archaeological record also coincide with an
aridification trend around 2800 BC in eastern Anatolia (Arıkan, 2015). Continuity in herd
management strategies in the face of climatic change may seem counterintuitive, especially
given the re-organization of animal economies associated with the climate change at the LC–KA
transition. More data is needed for a better understanding of the intensity of this climatic shift
and the organization of animal economies in the homeland at this time.
Changes in settlement patterns in the KA homeland in the Late Phase also coincide with
the extension of KA material culture beyond the homeland and the creation of new KA
settlements in the diaspora, although the occupation of certain sites like Arslantepe VIB1 (ca.
3000–2900 BC) predate this transitional period. This expansion sees greater differentiation in
regional groupings as KA populations came into contact with other populations. There is
continuity, but also important and discernible differences in herd structure and herd management
strategies between the homeland and the diaspora at this time.
In the diaspora, sheep continue to outnumber goats, while cattle and pig retain their
respective secondary and tertiary roles. Despite these similarities, the small number of caprid
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mortality observations point to increased divergence of mortality patterns from a herd security
strategy; especially at Godin Tepe, Arslantepe, and to a lesser extent, Tel Yaqush (Figure 5.7).
At Godin IV, 50% of caprids were slaughtered after the fourth year of life (Figure 5.8) and sheep
outnumbered goats by 2.5:1. The mortality profiles and the emphasis on sheep herding most
closely match a wool production model—although the mortality of half of the animals before
they reached adulthood suggests that some animals were culled for meat. Woolen textiles were
among the major exports from Mesopotamian cities in the Uruk period (Algaze, 2009: 78).
Historical texts from the third millennium BC recount the labor of thousands of people working
in palace-run weaving establishments, processing imported wool to manufacture finished
garments and fabrics (Jacobsen, 1970; Algaze, 2001). Much of this wool was purportedly
imported from the immediate hinterland of the cities (Algaze, 2001). However, at this time, the
wool of the sheep of the Zagros highlands provided the thick and long strands best suited for
making yarn (Anthony, 2007). In its preceding stratigraphic level (VI), Godin Tepe served as an
Uruk outpost that provided Mesopotamian cities with coveted resources found only in the
mountains (Gopnik and Rothman, 2011). The collapse of Uruk outposts like Godin VI may have
served as an economic pull for those who settled the site in the subsequent Godin IV period
(Rothman, 2017). This focus on wool production explains why none of the sheep were
slaughtered before their first year, but 25% of goats were slaughtered as yearlings. Goats have a
higher reproductive rate and their offspring are often slaughtered as yearlings in late fall to
ensure access to meat and doe’s milk during the winter (Payne, 1973; Halstead, 1998; Arbuckle
et al., 2009). Slaughtering kids at a young age in anticipation of feed shortage in the winter will
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also ensure feed access to more valuable breeding and lactating does, lambs, and lactating ewes,
who are better adapted to the harsh winters in the high elevations of the Zagros.
The caprine mortality patterns at Arslantepe and Tel Yaqush are more difficult to
interpret At Arslantepe VIB1, high caprid mortality in the first year and between the first and
third years of life do not fit a herd security production goal (Figure 5.6 i–k). Still, there is little
indication of an economic system focused on intensive and specialized production of milk and
meat. The evidence from the feasting context at this site suggests that this unsustainable pattern

Figure 5.8. Detailed sheep and goat mortality profiles at Godin Tepe IV based on tooth wear and
eruption stages: A (0–2 months), B (2–6 months), C (6–12 months), D (1–2 years), EF (2–4
years), G (4–6 years), HI (6–10+ years).
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may be a sign of costly ritual activity (Siracusano and Bartosiewicz, 2012). Nevertheless, the
mortality profiles from non-feasting contexts and general waste areas at the site are not very
different. It is quite possible that some of these animals are younger goats that were slaughtered
for the same reasons as at Godin IV. Unfortunately, independent mortality data for sheep and
goat were not available for Arslantepe. Siruciosano and Barosiewicz’s (2012) seasonal
interpretation provides a reasonable alternative explanation: that the burdensome and excess
younger animals were slaughtered prior to biennial treks to seasonal camps in search of new
grazing grounds. This viable hypothesis can be confirmed by stable isotope analyses.
Interpretations of the data from Tel Yaqush are hampered by the mixing of finds between KKW
EB III and local Levantine EB III contexts. The finds are divided into three general areas: a
public space, a temple or “cultic area,” and a non-cultic domestic area. Caprid mortality in
different areas of the site point to differential access to different age (Hesse and Wapnish, 2001).
In the temple area, mortality is highest among immature animals that are represented by the
meatiest parts of the body. In contrast, mortalities in the non-cultic areas and the public space are
highest among the adult individuals who are represented by less meaty body parts. This may
indicate differential access to meat by different social or professional classes at Tel Yaqush,
something that is not indicated at other sites and occupations in the database.
Finally, unlike in the homeland, cattle management strategies are more uniform in the
diaspora. At Godin IV, the low representation of cattle supports the interpretation of more
specialized wool production. In the high elevations of the Zagros, (1484m asl at Godin Tepe),
sustainable sheep and goat herding is not possible without some degree of mobility, thus cattle
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are not as well adapted to these topographies as sheep and goat. In contrast, the small dataset
from Anatolia reveals a gradual increase in the abundance of cattle through time (Figure 5.9).
The same is true of Tel Yaqush in the Levant (Figure 5.9). The Anatolian sites and Tel
Yaqush are located well below 1000 m asl in areas conducive to agriculture. Thus, gradual
increase in the abundance of cattle may be a mark of increased sedentism in these regions,
especially if cattle were used as draft animals on local farms. Greenberg and colleagues (2014)
posit an Anatolian origin for the sedentary Levantine populations associated with KKW pottery.
For Greenberg (2014), co-occurrence of wheels, cattle figurines, and model carts at KA sites in
the homeland and in the diaspora, including the Levant, suggests that two-wheel ox-carts served
as an important mode of transportation for KA populations (Greenberg, 2014). Two wheeled
carts would have provided more sedentary agricultural communities, including those at Tel
Yaqush and the near-by Tel Bet Yerah, with the ability to migrate without necessarily adopting
the mobile lifestyle of nomadic and transhumant pastoralists. Pathologies found on the loadbearing bones of cattle from across KA sites and occupations, including those at KSH (see
Chapter 3; also Piro, 2009) may be related to the use of cattle for pulling carts or plows, but old
age, and large body weights can also produce similar osteopathologies. Ultimately, more
survivorship and mortality data are needed before sound interpretations of cattle exploitation in
Anatolia and the Levant can be drawn.

5.8 Conclusion
A tentative narrative of Kura-Araxes animal economies emerges from this preliminary
synthesis. The rise in prominence of cattle and sheep herding in the mid-fourth millennium BC
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Figure 5.9: Relative abundance of cattle,
caprids, and pigs in the diaspora assemblages
of Anatolia and the Levant, based on NISP.

suggests an abrupt beginning to the KA. In the Late Chalcolithic, goats were the most abundant
herd animal and few cattle were kept. In the KA, sheep overtake goats in abundance, and cattle
regain the significance they had in the Early Chalcolithic, though their importance remains
secondary to caprines. The end of the Chalcolithic and the beginning of the KA in the South
Caucasus coincides with a period of climatic optimum suggested by increased rainfall and
temperatures (Arıkan, 2015; Connor and Sagona, 2007). An increase in sheep and cattle keeping
is appropriate for such a climate, given that unlike goats, both species are obligate drinkers and
more sensitive to the unpredictability of water and pasture availability. Unfortunately, data from
the earliest KA settlements in the South Caucasus are too limited to draw definitive conclusions,
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but they also hint at more localized adaptations in the homeland. Sheep, for example, are
primarily herded in higher elevations and latitudes that may have had cooler and more temperate
weather (e.g. Jude et al., 2016).
The taxonomic composition of herds was stable throughout much of the KA world, as
were production strategies for cattle, sheep, and goat in the KA homeland. These animals were
kept in small herds that were exploited for a range of primary and secondary products. This
pattern is especially robust given varied taphonomic histories and recovery and recording
strategies across the studied assemblages. Heavy use of sheep and goat and the abundance of
sites in higher alpine elevations that may not sustain life year-round suggests that some degree of
mobility may have been incorporated into KA economic strategies. Does this pattern of mobility
reflect nomadism, transhumance, or a combination of sedentary pastoralism and localized herd
mobility? The zooarchaeological data is not conclusive.
The settlement of river valleys and areas suited for agricultural production indicate that
sedentism was an important part of KA strategies. This is supported by the abundance of cattle in
faunal assemblages and adult dominated mortality profiles. Thus, the zooarchaeological data
may reflect a combination of mobility and sedentary adaptations. The distinction of part-time
mobility from transhumance and nomadism can be improved by developing a stable isotope
database, the production of separate mortality profiles for sheep and goat, and a metanalysis of
hunting behavior.
In the early third millennium BC, as KA economies and settlement patterns undergo
change in the homeland, an expansion of “Kura-Araxes identity” (Sagona, 2014) occurs from the
Caucasus to the Zagros Mountains, Anatolia, and the Levant. In the Zagros highlands, at least at
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Godin IV, people with KA identities engaged in more specialized management of sheep and to a
lesser extent, goat, for their high-quality wool and fleece. And at Tel Yaqush in the Levant, we
may witness the possibility of social or professional differentiation in access to animal products,
particularly meat. In Anatolia, especially at Arslantepe VIB1, sheep and goat mortality profiles
tentatively point to seasonal transhumance, practiced by newcomers to Arslantepe following the
collapse of its fourth millennium palace economy. Over time, this mobile strategy was either
replaced or joined by a more sedentary agricultural lifestyle. The establishment of this
agricultural lifestyle in Anatolia is quasi-contemporaneous with the migration of KA people,
including those from more sedentary communities to the Levant.
This synthesis does not reveal exactly how or why the KA tradition emerged or spread
out across the Near East, but it provides us with a starting point to better understand economic
diversity across the KA tradition and the role of pastoralism in its genesis and expansion. This
study also provides a number of testable hypotheses that can be tested and modified as more
zooarchaeological data become available.
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Chapter 6 – Conclusion

6.1 Overview
In this dissertation, I integrated zooarchaeological methods with other lines of
archaeological evidence to explore the role of pastoralism in the formation and expansion of the
Kura-Araxes (KA) communities of the Early Bronze Age in Southwest Asia. The social and
economic composition of KA communities, and the causes and processes involved in their
appearance and expansion are still not well understood (Kiguradze and Sagona, 2003; Palumbi
and Chataigner, 2014; Sagona, 2014). I believe that as the central economic adaptation of the
KA tradition, pastoralism played a crucial role in shaping the social and environmental
conditions that impacted cultural dynamics surrounding the emergence of the KA horizon in the
South Caucasus in the mid-fourth millennium BC and its subsequent expansion across much of
the highlands of Southwest Asia in early third millennium BC. (Chataigner, 1995; Kiguradze and
Sagona, 2003; Kohl, 2007, 2009; Marro, 2010). Decisions concerning herd management have a
significant impact on the overall mobility and economic production of pastoral communities and
therefore have significant impact on societal structures and cultural dynamics (Redding, 1984;
Mace, 1993; Borgerhoff and Sellen, 1994). Nevertheless, this topic has remained largely
unexplored because existing archaeological indicators for detecting pastoral practices in the
archaeological record have had limited ability to capture variability in the organization of herd
mobility strategies and modes of pastoral production. In this dissertation, I documented
Chalcolithic and KA pastoral practices and the incorporation of animal byproducts into a range
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of social and economic activities not related to subsistence. I then used this framework to
propose how pastoral adaptations can better inform our understanding of the emergence and
expansion of the KA tradition.

6.2 Areni-1
An accurate understanding of the pastoral adaptations of the Chalcolithic period is critical
for investigating the causes and process of the sudden emergence of the KA tradition. Given the
paucity of zooarchaeological studies, my study of the Areni-1 assemblage provides important
new data point for the Chalcolithic period in this region. Nevertheless, Areni-1 is also known for
its complex stratigraphy and extensive mixing between its Chalcolithic and Medieval
occupations. I therefore developed a protocol to identify the most secure Chalcolithic contexts.
According to my analysis of these secure contexts, domestic animals were the mainstay
of the faunal component of diet at the site, while hunting played a secondary role. Body-part
representation and butchery patterns indicate that the domestic animals were either kept at the
site or were brought to the cave whole, because all stages of carcass processing, including
slaughtering, skinning, dismemberment, and meat removal took place inside the cave. The
domestic animals exploited at Areni-1 were primarily caprids; sheep and goat were kept in equal
proportions. Cattle and pig played distant secondary and tertiary roles respectively. Sheep, goat,
and cattle were exploited for a variety of products, including meat, milk, wool, and hair. The
taxonomic composition, relative abundance indices, and kill-off patterns best match a
management strategy focused on herd security and generalized exploitation of a variety of
animal products (Dahl and Hjort, 1976; Redding, 1981; Kuznar, 2001). Despite their
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insignificance as a food source at Areni-1, pig bones are concentrated in Trench 3 near the mouth
of the cave in the final Chalcolithic Horizon (3800–3400 cal. BC). This may be a product of hide
processing for manufacturing leather shoes which have also been found in the cave. Body-part
profiles and cutmark data suggested that sheep, goat, and cattle hide as well as fox fur processing
may have also taken place in Trench 3.
A greater reliance on sheep and goat than cattle at Areni-1, may indicate mobility or
potentially nomadic pastoralism. Areni-1 is located at 1100m asl in the heart of the Lesser
Caucasus mountains, a location characterized by the hot dry summers and cold wet winters of a
continental Mediterranean climate. Difficult conditions may have prohibited habitation of the
cave in the winter months, which support a nomadic adaptation. Unlike cattle, sheep can easily
weather the cold and long continental winters of these mountains, while goat are physiologically
well adapted to navigating its steep cliffs and deep ravines (Dahl and Hjort, 1976; Degen and
Benjamin, 2003). Also, nearly all cattle at Areni-1 were slaughtered as subadults, and very few
were kept into adulthood indicating that they were not used for their labor in agricultural fields or
as beasts of burden (Greenfield, 2010). Archaeological evidence does not support long-term
habitation inside the cave (Wilkinson et al., 2012), but instead suggests a more temporary,
potentially seasonal use of the site.
Finally, funerary contexts at Areni-1 enabled the investigation of the role of animals in
ritual practice at Areni-1. Evidence for ritual practices include human burials and cremations
deeper inside the cave in Trenches 1 and 2. Trench 1 is characterized by an anomalous
abundance of wild cattle and canids (dog or wolf) relative to the other two trenches, though these
observations are based on small samples and should be verified by future excavations. A few
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instances of wolf and dog skull and tooth interment have been found in Chalcolithic and KA
human burials (Kushnareva, 1997; Poulmarc'h et al., 2016). Nevertheless, because of mixing and
the low contextual resolution, I could not attribute these patterns to any specific burial. Evidence
from contemporaneous contexts at the nearby site of Ovçular Tepesi, suggests that the intentional
interment of carnivores may have been a ceremonial rite related to the periodic habitation and
abandonment of the site by mobile pastoralists (Berthon, 2018). The location of Ovçular Tepesi
and Areni-1 inside or near the Arpa River Valley fall along the obvious route for seasonal
movement between summer pastures in the high elevations in the interior of the Lesser Caucasus
mountains and winter pastures in the low-lying Araxes river valley. Ultimately, any
zooarchaeological evidence of animal mobility must be verified by stable isotope analyses.

6.3 Köhne Shahar
The large number of bone tools in the excavated areas of Köhne Shahar KSH reveals that
some fraction of the faunal assemblage was related to craft production activities. Identifying this
fraction was critical both for understanding the organization of craft production activities, and to
distinguish these from the portion of the assemblage used for subsistence-related activities.
Worked bone was one of the most common classes of artifacts at KSH, and included complete
and usable tools from the workshops, as well as broken and consumed tools and tool blanks
disposed of in waste areas. Because these tools were made and used to manufacture other
objects—notably ornamental objects that included beads—mapping the relative proportion of
bone raw material, tools, blanks, and debitage, revealed the spatial organization of production at
KSH.
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Relative taxonomic abundance, body part profiles, and fragment size data confirmed the
function of structures and spaces previously identified as manufacturing units or waste disposal
areas based on other classes of material culture and architecture. The zooarchaeological analyses
also identified new waste disposal areas, a cattle horn-working area, and several other possible
manufacturing and antler storage units. Despite differences in activities like textile production
and horn-working, craft production at KHS occurred in multiple workshops that produced
similar objects. Comparison of the raw material and tool types among structures and
neighborhoods in combination with architectural and artifactual data showed that the labor was
organized differently in each workshop where objects were produced using different degrees of
specialization.
For example, manufacture of ornamental objects such as soapstone beads by a small
group of artisans took place in a single-chambered workshop in the western neighborhood
(WNH), while more specialized production of soapstone and steatite beads occurred in a
workshop in the northern part of the eastern neighborhood (ENH) where different stages of
manufacturing took place in discrete areas of a workshop. Another workshop in the southern part
of ENH where bead and textile manufacturing tool place may be associated with an
administrative unit that was identified based on the large number of clay tokens and fragments of
a sealing clay found in a special-purposes structure adjacent to the workshop, large storage
vessels, and a nearby antler storage unit (Alizadeh et al., 2018). The production of similar objects
in such close quarters with different types of labor specialization suggests that independent craft
production units were managed and worked by distinct households or groups of people. Thus,
labor and production at KSH were not organized in a top-down, hierarchical political economy
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as was typical of some Mesopotamian cities and states, where elite social classes controlled
production (Stein, 1998). Among middle-range societies—such as the KA—where the household
is the most fundamental unit of economic output, divesting labor away from subsistence-related
activities and toward craft production may create scheduling conflicts. Resolving these conflicts
can be catalysts for social change, as they disrupt the organization of labor within the household
(Hirth, 2009). This social change may be manifested in the adoption of a “vertical egalitarian
system,” which as proposed by Frangipane (2007) bestowed privilege status upon certain
individuals, giving them the power to coordinate labor-intensive activities that required
community-wide input. These could include the community-level activities evidenced at KSH
such as craft production, and other major public projects, such as the construction and routine
maintenance of a large defensive wall (Alizadeh et al., 2015).
The consumers of the objects produced at KSH is unknown. A preliminary geophysical
survey suggests that craft production activities were not limited to the excavated areas and may
have taken place across the citadel (Alizadeh et al., 2018). Tentative evidence for communitylevel production suggests that at least some of the objects produced at KSH were intended for
consumers that resided beyond the site, possibly in neighboring regions. The end of the fourth
millennium BC saw the collapse of the Uruk outposts and colonies that had provided
Mesopotamian cities with access to the rich resources of the highlands (Algaze, 2001). Some
scholars argue that following this collapse, the economy of some KA communities may have
been fueled by the continued demands of Mesopotamian cities for coveted highland resources
like copper and obsidian (Algaze, 2001; Kohl, 2007: 97–98; Wilkinson, 2014). A number of
archaeological indicators at KSH suggest a connection with Mesopotamia, including Ninevite V
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pottery of northern Mesopotamia origins (Alizadeh, 2015; Alizadeh et al., 2018). As I discussed
in Chapter 5, similar arguments have been made to explain specialized wool production at the
contemporaneous occupation of Godin Tepe (Level IV) further south in the Zagros mountains
(Anthony, 2007; Rothman, 2017). While there is no evidence for extra-household level
specialization at KSH, this study contributes to a narrative that highlights the social and
economic diversity of KA communities. This diversity is also attested by the well-known “royal
tomb” of Arslantepe, the large grain storage pits of Shengavit, and the role of metallurgy,
viticulture, and pastures in the expansion of the KA tradition (Frangipane et al., 2009; Kohl,
2009; Palumbi, 2012; Palumbi and Chataigner, 2014; Simonyan and Rothman, 2015).
The prominence of households at KSH is also supported by the primary herd
management strategy and food distribution mechanism at the site. The animal economy of KSH
can best be characterized as a household-based, extensive management strategy, based on a mix
of sheep, goat, cattle, and pig. These households did not focus on specialized management of any
specific animal or any specific animal products. Rather, they kept small mixed herds of sheep,
goat, cattle, and pigs, and exploited all of their products to satisfy their own immediate needs.
With the exception of sheep-goat ratios, herd structure and herd management strategies were
stable throughout KSH’s occupation. Sheep were more abundant than goat in the Lower
Horizon, while goats are more prominent in the Upper Horizon. This shift coincides with a
period of increasing aridity beginning in the early third millennium BC (Arıkan, 2015). The
greater prominence of goats in the Upper Horizon may signal an adjustment to this new climatic
reality, since goats are much more resilient to water and feed shortages than sheep (Dahl and
Hjort, 1976; Redding, 1984; Degen and Benjamin, 2003). Body part profiles and butchery
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patterns from the Upper Horizon indicate that all animals were slaughtered, skinned,
disarticulated, and filleted inside the citadel. These patterns are similar in the three
neighborhoods, reflecting direct food provisioning across the excavated areas. Nevertheless,
there may have been direct exchange within the settlement.

6.4 Synthesis of Chalcolithic and Kura-Araxes Datasets
The archaeology of the South Caucasus is currently undergoing a transformation, and the
amount of faunal data published or awaiting publication since the region opened to international
and collaborative research in the 1990s has reached the critical mass required for a preliminary
synthesis. Although this dissertation focuses on the KA cultural tradition, reconstructing the
cultural and economic dynamics surrounding its formation benefits from investigation of its
Chalcolithic predecessors. The transition from the Early Chalcolithic (EC ca. 5000–4000 BC) to
the Late Chalcolithic (LC, 4000–3500 BC) in the South Caucasus is characterized by a
significant reduction in the proportion of cattle relative to caprids, which may signal nomadic
pastoralism. As was discussed in the context of Areni-1, sheep and goat are better adapted to
movement in the mountainous landscape of the South Caucasus (Dahl-Hjort, 1976; Upton,
1989). Mobility may have been a necessary component of pastoralism given strong seasonal
variation in the productivity of pastures typical of the Mediterranean climates that had recently
been established in the region (Roberts et al., 2001; Arıkan, 2015; Ollivier et al., 2016). By the
same token, a sharp increase in the abundance of goats in the Late Chalcolithic suggests that a
fundamental realignment of the local economy occurred in response to the onset of
Mediterranean climates. Goats are much better adapted than sheep and cattle to unpredictable
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shifts in feed and water typical of cold, wet winters and hot, dry summers (Khazanov, 1984;
Nardone et al., 2006). The Chalcolithic occupation of the South Caucasus comes to an end
during this more arid period.
The appearance of the the first KA horizon is contemporaneous with the onset of a more
optimal climate that was notably wetter and more humid than the continental Mediterranean
climate of the Chalcolithic period (Connor and Sagona, 2003). In terms of economic adaptations,
the LC–KA transition was as distinctive as the EC–LC transition. Cattle and sheep herding
resurged at the start of the KA, possibly in response to an increased sense of water and feed
security. The species composition of herds and the relative abundance of herd animals remained
fairly stable across the KA tradition. With some notable exceptions, domestic animals were kept
in small herds, and exploited for a range of products, typical of a herd security management
strategy (Redding, 1984; Greenfield, 1988). Unlike in the LC, there is no evidence for nomadism
in the early KA phase in the homeland. Although the presence of sites in alpine elevations
suggests that KA animal economies were mobile to some degree, the many sites in arable
regions, increased reliance on cattle relative to the LC, and increased number of adult animals,
potentially used as beasts of burden, all suggest that agricultural production and sedentism were
key to KA economic adaptations in the homeland (Sherratt, 1983; Greenfield, 1988, 2010).
In the early third millennium BC, settlement patterns and animal economies underwent a
dramatic shift in the KA homeland. Old camps and villages were abandoned and settlements
were founded in new habitats as regional variations in KA material culture emerged (Badalyan,
2014; Haroutunian, 2016). Nevertheless, the pastoral adaptation remained largely unchanged.
Although this period corresponds with increasing aridity (Arıkan, 2015), the continuity in
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pastoral strategies that I observed in my meta-analysis suggests that environmental or climatic
factors were not responsible for larger cultural changes. Instead evidence suggests that they may
have been caused by economic factors. For example, in the homeland, new settlements appear
close to rich copper and obsidian deposits (Badalyan, 2014). The pull of these resources may be
one of the main causes for the sudden expansion of the KA material culture and the
establishment of a large number of diaspora communities across the Near Eastern highlands in
the early third millennium (Kohl, 2009; Rothman, 2017). In the Zagros Mountains and at Godin
Tepe IV, KA communities engaged in specialized wool production (Gopnik and Rothman, 2011;
Piro and Crabtree, 2017), potentially for export to Mesopotamia. Like Godin IV, the goods
manufactured in the craft production workshops at KSH IV–V, may have also been intended for
trade and exchange (Alizadeh et al., 2018). In Anatolia, the collapse of the fourth millennium
palace economy of Arslantepe VIA may have been followed by a shift to more seasonally mobile
strategies by KA populations in the subsequent VIB1 phase (Siracusano and Bartosiewicz,
2012). Still, evidence for increasing sedentism and the adoption of an agricultural lifestyle in
Anatolia, is also suggested by a trend toward greater reliance on cattle through time (Figure 5.9).
The migration of KA people to the Levant takes place at the same time that these developments
unfolded in Anatolia. Greenberg suggests that the Levantine migrants had Anatolian origins, and
their move to the Levant was aided by the use of cattle-drawn two-wheeled carts (Greenberg,
2014; Greenberg et al., 2014). This technology would allow for some of the more sedentary
peoples of Anatolia to move to the Levant with their cattle, without adopting a nomadic lifestyle.
All of these cases exemplify the flexibility with which pastoral strategies shaped the social and
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economic organization of KA communities in the diaspora. This stands in stark contrast to the
more homogenous pastoral strategies in the South Caucasus homeland.

6.5 Future Directions
The integrative approach of this dissertation combined zooarchaeological data with other
lines of archaeological evidence to navigate the economic dynamics involved in the making of
the KA tradition. This dissertation also demonstrated that as urbanism grew in Mesopotamia, life
in the highlands was not limited to subsistence farming and animal management, but was
complex and multi-faceted. Though pastoralism was a key economic adaptation of the KA
tradition, its communities engaged in a multitude of social and economic activities, not directly
related to subsistence. And despite the stability of their overall modes of subsistence, KA
pastoralists exercised flexibility when deciding their herd mobility strategies and production
goals as they adapted to climatic shifts and the changing cultural dynamics of the South
Caucasus and the Near East.
I hope that in the future these observations can serve as hypotheses that can be tested by
other colleagues producing new zooarchaeological datasets. Future faunal analyses from
Chalcolithic and early KA horizons will greatly refine the portrayal of pastoral strategies in the
KA homeland. In the diaspora, increasing samples of some crucial datasets, such as cattle
abundance and mortality data from diaspora sites will provide a more comprehensive picture of
pastoral strategies. Indeed, I argue in Chapter 5, that the increased abundance of cattle in
Anatolia is a sign of increased sedentism, given that cattle are not as well adapted to
transhumance and nomadism as sheep and goats, and the Anatolian sites in the database are
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located in the areas suitable for farming. Cattle may have also been used to pull two-wheel carts
across Anatolia and into the Levant, but more mortality and survivorship data are needed for
understanding the precise nature of cattle exploitation in Anatolia. More zooarchaeological
studies will also enable the creation of higher-resolution body part profiles and butchery analyses
that can be used to compare food provisioning strategies between and within Chalcolithic and
KA datasets. Differences in food provisioning mechanisms between KSH IV–V (direct
provisioning) in the South Caucasus and Tel Yaqush in the Levant (differential access to meat
based on social or professional status), may be emblematic of a greater divide between KA
communities in the homeland and in the diaspora.
This dissertation relied exclusively on zooarchaeological data to study the economic
production goals of pastoralists. Given the positive relationship between mobility and economic
production, and differences in the adaptability of herd animals to mobility, this dissertation drew
some tentative conclusions about Chalcolithic and KA mobility patterns. Ultimately, however,
stable isotope analyses are needed to qualify and empirically demonstrate the presence, extent,
and duration of mobility in the past. Clearly, much work remains to be done in the South
Caucasus and the Kura-Araxes cultural tradition, and the large number of ongoing analyses by
numerous specialists will no doubt enable more robust, detailed syntheses of KA animal
economies in the near future.
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APPENDICES

A.1

The number of identified specimens at KSH and Areni-1

A.2

KSH caprid survivorship data based on bone fusion for the Lower Horizon

A.3

KSH caprid survivorship data based on bone fusion for the Upper Horizon

A.4

KSH cattle survivorship data based on bone fusion

A.5

KSH caprid mortality data based on tooth wear and eruption

A.6

KSH cattle mortality data based on tooth wear and eruption

A.7

Aggregate location of cutmarks on KSH caprid bones: a) shoulder bones; b) lower-front
limbs; c) hind-limbs, d) feet. Blue represents mark frequencies in the Upper Horizon
while red represents the Lower Horizon.

A.8

Aggregate location of cutmarks on KSH cattle bones: a) shoulder bones; b) lower-front
limbs; c) hind-limbs, d) feet. Blue represents mark frequencies in the Upper Horizon
while red represents the Lower Horizon.

A.9

Near-complete wolf skull from CNH, Trench 12I8, including the skull and the maxillary
teeth (upper left), mandibles (right), and cutmarks along the occipital condyles on the
cranium (bottom left).
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Appendix A.1: The number of identified specimens at KSH.
Latin Names/
Body Size Categories
Bos taurus
Capra sp.
Ovis sp.
Caprinae
Sus scrofa
Equus cf. hemionus
Cervus elaphus
Cervidae
Capra aegagrus
Ovis orientalis
Caprinae
Lepus capensis
Ursus arctos
Canis lupus
Canis sp.
Vulpes vulpes
Canidae
Lynx lynx
Meles meles
Mustelidae
Carnivora
Alectoris chukar
Larus armenicus
Haliaeetus albicilla
Vanellinae
Falconiformes
Small ungulate
Medium ungulate
Large ungulate
Huge ungulate
Medium bird
Large bird
Huge bird

Common Name
Domestic Cow
Goat
Sheep
Goat/Sheep
Pig/Boar
Onager
Red deer
Red deer/Fallow deer
Bezoar goat
Mouflon
Bezoar/Mouflon
Cape hare
Brown bear
Grey wolf
Wolf/Dog
Red fox
Eurasian lynx
European badger

Chukar partridge
Armenian gull
White-tailed eagle
Lapwings
Caprid/Gazelle-sized
Caprid/Boar-sized
Red deer/Cattle-sized
Aurochs-sized
Patridge-sized
Buzzard-sized
Vulture-sized

Lower
Horizon
Phases I–III
317
229
401
1049
14
0
55
49
22
10
16
4
0
6
12
11
1
0
0
0
7
2
1
2
0
0
124
551
270
26
0
0
1

Upper
Horizon
Phases IV–V
306
191
159
719
48
19
192
221
25
21
14
8
3
50
13
13
4
3
3
2
34
1
0
0
1
1
109
348
312
14
2
2
0

3184

2838

Total

215

Total
623
420
560
1768
62
19
247
270
51
31
30
12
3
56
25
24
5
3
3
2
41
3
1
2
1
1
233
899
582
40
2
2
1
6022

Appendix A.2. KSH caprid survivorship data based on limb bone epiphyseal fusion for the Lower Horizon (I–III). Survivorship
(%Fused) is calculated using the Minimum Number of Elements (MNE) and following Zeder’s age stages (2006); px = proximal
epiphysis, ds = distal epiphysis, F = fused/fusing, U = unfused. Ovis (sheep) and Capra (goat) categories include only specimens
identified to species. Capra/Ovis includes Caprid specimens that could not be identified to species. Total Caprids (plotted in Figures
8a and 8b) is the total of the Ovis, Capra and Ovis/Capra categories.

Element

(Fusion Stage)
and Age of Fusion

Radius, px

(A) 0–6 months

Ovis
F
14

U
0

14

0

17
1
2

1
1
0

20

2

22
12

9
0

34

9

9
4

4
4

13

8

3
1
0
1
0
0

2
0
1
1
3
0

5

7

0

0

Stage F Subtotal

0

0

Total

86

26

Stage A Subtotal
Humerus, ds
Pelvis
Scapula

(B) 6–12 months

Stage B Subtotal
Phalanx 1
Phalanx 2

(C) 12–18 months
Stage C Subtotal

Tibia, ds
Metapodial, ds

(D) 18–30 months

Stage D Subtotal
Calcaneus
Femur, px
Femur, ds
Ulna, px
Radius, ds
Tibia, px

(E) 30–48 months

Stage E Subtotal
Humerus, px

(F) 48+ months

Capra

%
Fused

100.0

90.9

79.1

61.9

41.2
-

216

F
6

U
0

6

0

3
4
1

0
0
0

8

0

7
7

4
0

14

4

5
6

2
4

11

6

2
0
0
0
2
0

0
0
0
1
1
1

4

3

0

0

0

0

43

13

Capra/Ovis

%
Fused

F

100.0

100

77.8

64.7

57.1
-

U

Total
Caprids
F
U
25
1

5

1

5

1

25

1

6
5
5

2
0
1

26
10
8

3
1
1

16

3

44

5

3
4

2
2

32
23

15
2

7

4

55

17

3
2

3
2

17
12

9
10

5

5

29

19

3
2
2
2
0
4

3
6
4
1
0
3

8
3
2
3
2
4

5
6
5
3
4
4

13

17

22

27

0

3

0

3

0

3

0

3

46

33

175

72

%
Fused

96.2

89.8

76.4

60.4

44.9
0

Appendix A.3. KSH caprid survivorship data based on limb bone epiphyseal fusion for the Upper Horizon (IV–V). Survivorship
(%Fused) is calculated using the Minimum Number of Elements (MNE) and following Zeder’s age stages (2006); px = proximal
epiphysis, ds = distal epiphysis, F = fused/fusing, U = unfused. Ovis (sheep) and Capra (goat) categories include only specimens
identified to species. Capra/Ovis includes Caprid specimens that could not be identified to species. Total Caprids (plotted in Figures
8a and 8b) is the total of the Ovis, Capra and Ovis/Capra categories.

(Fusion Stage)
and Age of Fusion

Element
Radius, px

(A) 0–6 months
Stage A Subtotal

Humerus, ds
Pelvis
Scapula

(B) 6–12 months

Stage B Subtotal
Phalanx 1
Phalanx 2

(C) 12–18 months
Stage C Subtotal

Tibia, ds
Metapodial, ds

(D) 18–30 months

Stage D Subtotal
Calcaneus
Femur, px
Femur, ds
Ulna, px
Radius, ds
Tibia, px

(E) 30–48 months

Stage E Subtotal
Humerus, px

(F) 48+ months

Ovis
F
3

U

Capra

%
Fused

F

0

8

3
8
0
5

0
0
0
0

100.0

13
26
11

0
7
1

100.0

37
5
4

8
0
1

82.2

9
2
2
0
0
0
0

1
1
1
0
1
0
0

90.0

4
0

3
1

57.1
0

Stage F Subtotal

0

1

Total

66

13

U

Capra/Ovis

%
Fused

F

0

3

8
4
0
4

0
0
0
0

100.0

8
18
6

0
4
0

100.0

24
4
1

4
0
2

85.7

5
0
0
0
2
0
0

2
1
0
0
2
0
0

71.4

2
0

3
1

40.0

0

1

0

47

10

217

U

Total
Caprids
F

U

%
Fused

1

14

1

3
5
4
4

1
2
3
0

14

1

17
4
13

2
3
0

13
3
3

5
0
0

34

5

47
20

11
1

6
9
1

0
2
5

67

12

18
6

2
8

10
2
1
0
4
0
1

7
0
3
3
1
4
5

24

10

4
3
0
6
0
1

2
4
3
4
4
5

8
0

16
0

14
0

22
2

38.9
0

0

0

0

2

40

29

153

52

93.3

87.2

84.8

70.6

Appendix A.4. KSH cattle survivorship data based on bone fusion. Survivorship (%Fused) is calculated using the Minimum Number
of Elements (MNE) and following Grigson’s age stages (1982); px = proximal epiphysis, ds = distal epiphysis, F = fused/fusing, U =
unfused.
(Fusion Stage) and
Age of Fusion

Element
Pelvis
Scapula

Lower Horizon
(I–III)
F

%
Fused

U
5
4

0
0

9

0

8
14
6
3

0
0
1
0

31

1

2
3

0
3

5

0

0
0
0
0
2
2

0
0
1
1
0
0

Stage D Subtotal

4

2

Total

49

3

(A) 7–10 months
Stage A Subtotal

Radius, px
Phalanx 1
Phalanx 2
Humerus, ds

(B) 12–20 months

Stage B Subtotal
Tibia, ds
Metapodial, ds

(C) 24–30 months

Stage C Subtotal
Humerus, px
Ulna, px
Femur, px
Tibia, px
Radius, ds
Femur, ds

(D) 42–48 months
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100.0

96.9

100.0

66.7

Upper Horizon
(IV–V)
F

%
Fused

U
1
6

0
0

7

0

3
9
6
2

0
0
0
0

20

0

3
2

0
0

5

0

1
0
0
1
1
1

0
1
0
1
0
1

4

3

36

3

100.0

100.0

100.0

57.1

Appendix A.5. KSH Sheep and goat mortality data based on tooth wear and eruption, following
Payne’s (1973) age stages. Counts include isolated teeth that were proportionally allocated
between stages.
Payne’s
Stages
A
B
C
D
E
F
G
H
I

Age Group
0–2 months
2–6 months
6–12 months
1–2 years
2–3 years
3–4 years
4–6 years
6–8 years
8–10+ years
Total

Lower Horizon (I–III)
Ovis
Capra
0
0
0
0.5
1
9.6
15
4
2
0
2
0
6.6
2
7.5
0
1.1
0
35.2
16.1

Upper Horizon (IV –V)
Ovis
Capra
0
0
1
0
2
1
0
4.3
6
0.5
0
3.3
1
5.8
0
0
0
0
10
14.9

Appendix A.6. KSH cattle tooth wear and eruption data, following Grant’s (1982) stages.
Mandible
Wear Stages
1–10
11–20
21–30
31–40
41–50
51–60
Total

Lower Horizon
(I–III)
0
0
0
3
2
0
5
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Upper Horizon
(IV–V)
1
0
2
1
4
0
8

Appendix A.7. Aggregate location of cutmarks on KSH caprid bones; Blue represents mark
frequencies in the Upper Horizon while red represents the Lower Horizon:
a) shoulder bones

220

b) lower-front limbs

221

c) hind-limbs

222

d) feet

223

Appendix A.8. Aggregate location of cutmarks on KSH cattle bones; Blue represents mark
frequencies in the Upper Horizon while red represents the Lower Horizon:
a) shoulder bones
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b) lower-front limbs

225

c) hind-limbs

226

d) feet

227

Appendix A.9. Near-complete wolf skull from CNH, Trench 12I8, including the skull and the
maxillary teeth (upper left), mandibles (right), and cutmarks along the occipital condyles on the
cranium (bottom left).
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